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THE LARGEST OF THEM ALL 


Photo by courtesy of British Railways 


The new 
Control Panel 
at 


York 


Successfully brought into service in May 1951 this installation constitutes the largest, by far, of relay 
interlockings yet in service anywhere in the world. It controls and operates the signalling of a complete 
Jayout extending over approximately eight miles of multiple track. The 


WESTING 
@r- Grrr Switch 


System of Route Relay Interlocking is used in which each complete predetermined route is set up by 
the movement of one thumb switch only. 


825 Routes 


can be set up, involving the power operation of 79 main running signals, 53 route and junction indi- 
‘cators, 215 subsidiary signals and 330 point mechanisms. 


cal 


The apparatus was manufactured throughout in our Chippenham factory, and installed, to the 
requirements and under the direction of the Signal and Telecommunications Engineer, North Eastern 
Region, British Railways, by our own installation staff. 


Westinghouse Brake & Signal Co. Ltd., 82 York Way, London, N.| 
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for locomotives and carriages 
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STEAM OR DIESEL ANTHRACITE ELECTRIC 
LOCOMOTIVE LIGHTING COOKING EQUIPMENT 
SMITH-STONE SPEED INDICATOR PRESSURE VENTILATING 
FOR LOCOMOTIVES & HEATING EQUIPMENT 
ELECTRIC WATER HEATING BRONZE BEARINGS 

& ELECTRIC WATER RAISING AND NON-FERROUS 
APPARATUS ALLOYS & RIVETS 


J. STONE 


& CO. (DEPTFORD) LTD. 


DEPTFORD-LONDON S.E.14 


LA BRUGEOISE 
ET NICAISE & DELCUVE 
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Steel-works, Forges and Engineering Works 
Head-Office and General Direction at 
St-Michel near Bruges 


INL AR TORE LINES, Sy IPE 1S 

AND FIXED EQUIPMENT FOR 

RAILWAYS AND TRAMWAYS 

BRIDGES, FRAMEWORKS, TANKS, GAS-HOLDERS AND ALL 

STEEL GONSTRUGTIONS RIVETED AND WELDED 
® 


WHEEL SETS — STEEL CASTINGS — IRON FOUNDRY 
SPRINGS 


SKE ROLLER- BEARING AXLEBOXES 


on wagons for food lransport 


Owing to the fact that higher speeds of trains, inclusive of 
goods-wagon trains, are planned in most countries the wag- 


ons for food transport should above all be equipped with 


SSF roller-bearing axleboxes so that these wagons could 
be coupled to fast goods-trains or expresses. The plain- 
bearing axleboxes in existing wagons can easily be re- 


placed by SUS! roller-bearing axleboxes. 


c\ 


i\\ 


\ 


Refrigerating van of the Vdstergétland— 
Goteborg Railway. Tare weight (exclusive 
of ice) 11,000 kg. Capacity (inclusive of ice) 
10 tons. Loading surface 16.2 m*>. 4 Sits 
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roller-bearing axleboxes. 


@ Reliability — no hot-running 


@ No lubrication during operation but only 
in connection with overhauls in the workshop 
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@ Overhaui is much easier and cheaper than 
for plain-bearing axleboxes. 


Vea, 


@ You need not remove the axleboxes when 
the tyres are turned off — reduced repair- 
ing expenses. 


Trains for Egypt 


st advanced in conception and construction, the first 
hirty articulated diesel-electric trains ordered from 
- English Electric Company has been delivered to 
ptian State Railways. Ten of these trains will operate 
important 210 kilometre Cairo-Alexandria route— 
‘ying 60 first-class and 112 second-class passengers at 
nooth 120 km/hr. 

se 30 trains represent a part of the large Egyptian 
ers placed with the Company for diesel-electric stock. 
many other progressive railway systems electric and 
el-electric equipment developed and constructed by 
. English Electric Company is leading the way to 


yer standards in world travel. 
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Pioneers in the manufacture of Electrical Equipment, 


with over 60 years’ production experience. 
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RAILWAY MATERIALS 


3 are made at Workington by the acid Bessemer Process, of which 
long-wearing properties have long been appreciated by railway 
Imeers in many countries. The Workington plant also manufac- Th 

is fishplates, soleplates and steel sleepers. UTE 


Steel Peech & Tozer works produces railway tyres, which can COMPANIES U 
be supplied in heat-treated form, disc wheel centres and solid 
els; carriage, wagon and locomotive axles and laminated springs. 


IRKINGTON IRON & STEEL COMPANY - WORKINGTON 
EEL PEECH & TOZER: THE ICKLES + SHEFFIELD 
|. Branch of The United Steel Companies Limited of Sheffield, England 
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seneral consideration of results of tests made 
yn the materials obtained from iron and steel 


bridges blown up by dynamite in 1940, 


(1) 


by J. SERVAIS, 


Inspecteur technique principal a la Société Nationale des Chemins de fer Belges. 


(From the Bulletin de la Société Royale Belge des Ingénieurs et des Industriels.) 


Let us first remember that the Belgian 
ational Railway network covers alto- 
ether 2319 metal superstructures, as fol- 
WS : 

408 superstructures forming 365 road 
ridges and 1911 forming 888 railway 
ridges. 

As will be seen,,.in addition to bridges 
yxmed by single or double track superstruc- 
ives, many works consist of several bays, 
ither in the form of multiple cross girders 
r as a central cross girder with platform 
pproaches, or again of platforms connected 
1 pairs side by side; according to the 
quirements which may call for various 
ombinations. 

In May 1940, 60 overbridges and 295 
1il bridges were destroyed to delay enemy 
dvance and these systematic demolitions 
ffected the whole of the network (fig. 1). 
These figures, which include the greater 
ortion of the decked metal bridges (tabliers) 
iven in per cent in relation with the 
tal number of structures, would not give 

satisfactory indication of the extent of 
1e destructions effected owing to the fact 


that works destroyed were usually those 
of major importance. 

One can form an idea of the importance 
of these demolitions when it is known that 
at the end of 1941, after it had been decided 
for reasons of economy and in order to 
save time, to use up such parts — to the 
fullest possible extent — as are in condition 
for re-use, the weight of steel required for 
reconstruction and reconditioning of the 
superstructures, amounting to some 54 000 
tons. ‘This weight includes the reinforce- 
ment of the concrete structures. 

At the beginning of 1944, the majority 
of works for important lines had been 
rebuilt and put in service. 

Afterwards, fresh serious damage was 
recorded; some due to sabotage by the 
« Resistance » in order to delay the enemy; 
and others by withdrawal operations 
which occurred during the liberation of 
the country. 

The tests referred to in the present 
memorandum concern the destructions of 
May 1940, these being moreover the most 
important ones. The trials only concerned 


(1) Summary of the lecture given in Brussels on the 3rd January 1945, at the « Société Royale Belge 


ss Ingénieurs et des Industriels ». 
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riveted bridges, the welded ones being in 
any case very limited in number. 


Among the principal superstructures 
destroyed, were those on the Albert Canal, 
on the Meuse, the Sambre, the Escaut 
(Scheldt) and also the big « Vierendeel » 
bridge across the canal at Malines. 


In their state of demolition and after 
the exceptionally severe stresses due to 
the explosions and to the impacts when 
parts of the spans were broken up and fell 
down between the abutments, the struc- 
tures subjected to dynamite explosions 
became the object of examination on the 
site. 


The observations made a _ favourable 
impression on the examiners and broadly 
speaking it appeared that the destruction 
by explosive charges were restricted to 
those parts which had been actually torn 
apart without further serious effects on the 
parts that remained intact. 


However, less superficial control was 
called for and in the beginning of 1941, 
we were instructed to examine, by sound- 
ings, the material of some of the structures, 
with the object of ascertaining whether the 
rough treatment they had suffered might not 
have caused following sudden and abnor- 
mal stresses in the parts blown up or in 
neighbouring paris; metallographic modi- 
fications which might affect the character 
of the materials forming the beam or other 
parts and thereby endangering the safety 
of the structure, in case of re-use. 


At this point, it was agreed that the 
tests should affect : 


1° an iron structure, the single track 
Thames bridge, built in 1868; of which 
the cantilevers were now lying at the 
bottom of the Scheldt; 


2° a steel bridge, the large Vierendeel, 
with double tracks, having a nominal span 
63 m. 140 (207 ft.), across the canal at 
Malines, built in 1933 and which had been 
in use for 7 years at the time it was des- 
troyed. 

It was the tests carried out on these two 
structures, which originated the experi- 
mental tests undertaken afterwards on 
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numerous superstructures and for this 
reason we shall first of all give the data 
provided by the tests. 


I. — THAMES IRON BRIDGE. 


The specimens were obtained from an 
approach superstructure of 40 m (131 
2 3/4") nominal span, which had been 
taken out of the water. 

The tests were made on a plate of 500 x 
10 mm (1' 11/16” x 4”) taken from a piece 
of the upper part of one of the straight 
trellis girders situated close to the explosion. 

The series of tests which we were able 
to make with the means at our disposal 
included : 


a) a macrograph taken of a print by 
the Baumann method; 


b) the chemical analysis; 
c) tensile, bending and resilience tests; 
d) micrographic examination; 


é) in certain cases, durability tests under 
repeated impacts. 


The results were as follows : 


A. — MACROGRAPHIC EXAMINA- 
TION. — The Baumann prints failed to 
show any serious segregation of sulphur 
compounds, but they showed numerous 
inclusions, visible to the naked eye, on the 
polished part and forming as many inter- 
ruptions in the continuity of the solid body. 


B. — CHEMICAL ANALYSIS. — The 
drillings were taken by milling over the 
whole transverse section of the plate (se- 
melle) : 


Se 0,05 18eh = Pu 0202 2753) r= 0.05) Or 
Siz 0,09 97 Mar 0.0455. 


These results are the mean analysis of 
the different chemical elements; the very 
high phosphorus content will be noted. 
This figure of 0,52 % represents about 
10 times the quantity normally met with in 
steels of good average quality (Table 1). 
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TABLE I. 


Description and position 


I. Close to fracture from explosion : 
Len GUN WISGMN Maen. Gone -nes eae 

II. In zone at a distance from the frac- 

(Aun 2 

lengthwise. 

crosswise 


Cc. — TENSILE TESTS. — The flat 
test pieces are of the type sanctioned by 
our Company and respond to the formulae : 


l= 66.0785 


L being the distance between marks on 
the test piece and S its initial section 
in mm2. 

We would observe that the elastic limits 
are relatively high compared with the 
breaking stress. The elongations are very 
slight and the contractions nil. 

The fractures are lamellar and show a 
dull surface with a few bright spots. No 
difference is to be seen between the results 
of tests on material in the vicinity of the 
explosion and from tests pieces taken from 
the zone most distant from the explosion 
and not having been affected by the latter. 


D. —BENDING TESTS. — The test 


bars are 40 mm wide x 250 mm long 


9 27/32"). 


GES 16s 


\% 
angle de [Mae 


Fig. 2. — Bending angle. 


One test bar cut lengthwise and one 
transversely were taken out just beyond 
the point of fracture caused by the explosion. 
In the lengthwise test bar, partial fracture 
of the part subjected to tension, took place 


Breaking 
stress 
kg/mm2 


Contraction 


of 
/O 


Elongation 


S52 28) nil 
33.0 2.8 nil 
30.0 1.4 nil 


at 30° angle of bend. In the transverse test 
bar complete fracture took place at 25°. 


The fractures are dull with a few bright 
spots. 


Hence the ductility of this iron is low. 


E. — RESILIENCE TEST. — Test 
bars of the Mesnager type with a slot 2 mm 
(25/32") deep rounded at the bottom and 
cut at right angles to the main rolled faces. 


a) vicinity of the fracture caused by the 
explosion : 


lengthwise : mean of 4 tests : 2.18 kgm/cm?2 


Thames Bridge — 1868 


Approach superstructure : 
(131’ 2 3/4”). 

Slag inclusions. 

“Analysis :S — 0,051 %; P = 0.52 %:. € = 0.03 %s 
Si = 0.09 %; Mn = 0.04 %. 


nominal span 40 m 
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Fig. 4. 
Boom Bridge — 1875. 
Nom. span : 61 m (200’ 1 5/8"). 


Slag inclusions found according to the direction 
of rolling. — Analysis: S = 0.031 %; P = 
DAD O55 COWIE! Che i= OO OAS iNav jarercey 


Hig): 


Remouchamps Bridge — 1882. 
60 m (196’ 10 1/4"). 
Slag inclusions. Reticular structure. 


Analysis :S = 0.018 %; P = 0.2 %; GC = 0.06 %; 
Si) ==) 0108 065 Man = 07119). 9 5 


Nom. span : 
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b) zone distant from the fracture : 
lengthwise: mean of 4 tests: 2.15 
kgm/cm2?. 


The means indicated above were obtained 
from readings only slightly dispersed. They 
characterize a metal which is fragile to 
shock in bars which are bevelled off. 


There is no marked increase of fragility 
in the zone close to the fracture due to 
explosion as compared with the more 
distant zone. 


F, — MICROGRAPHIC EXAMINA- 
TION. — Specimens taken from different 
zones indicate the frequent and consider- 
able slag inclusions distributed in the body 
of metal and placed according to the 
direction of rolling. 


The micrography (Fig. 3) shows an 
average picture of the extent of the slag 
inclusions in the iron of the Thames Bridge. 
Fig. 4 & 5 refer to two other structures 
and similarly give an indication of the 
distribution of more or less considerable 
inclusions which may be found in the iron, 


The results of the above tests are con- 
cordant and lead inevitably to the conclusion 
that this quality of iron is inferior; phos- 
phorus content excessive, elongations and 
contractions very low, ductility very poor,- 
resilience shows great tendency to fracture 
under shock and finally the existence of 
numerous slag inclusions of varying im- 
portance shown by micrographic examin- 
ation. 

The evidence is particularly bad if we 
judge the results by comparison with 
present requirements in mild steels for 
structural work. 

As a matter of fact, the general specifica- 
tion for standard steels for bridges, iron 
structures and water towers, lays down : 

a) for all rolled sections measured in 
the direction of rolling : 

elastic limit E : 24 kg/mm; (15.24 tons 
per sq. inch) minimum; 

ultimate breaking strength R : 38 to 
44 kg/mm; (24.13 to 27.94 tons per sq. 
inch) minimum; 

elongation A = 25 %. 
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b) for sheets : in addition to the above 
conditions a transverse elongation A of 
20 % min. 

Moreover, the test bars selected from the 
materials must be capable of resisting 
bending of parallel strips separated by 
half their thickness, without showing any 
cracks or trace of disintegration. 

On the other hand, these directions 
compare noticeably with those which at 
that period, defined the range of qualities 
of irons used. 

This range which we extract from the 
1902 records at the Cockerill works, stood 
as follows : 


TABLE I. 
poece Elongation Quality 
Zo No 
kg/mm2 SO 5 
33 10 3 
35 15 4 
38 20 fine grained 


The specifications in use at that time 
call for No. 3 iron as the particular material 


to be used for metal structures; the No. 4 
iron being reserved for rivets and bolts. 

Among the conditions of manufacture, 
we find that the characteristics of the iron 
were varied according to their particular 
purpose, whether it was a question of 
sheets, bars and sections or for wide plates. 

As a result of experiments made with the 
‘Thames Bridge upper flange plates, it was 
laid down, in October 1941, that all the old 
iron superstructures must be subjected to 
tests of the material so as to establish a 
classification, if such should be required, 
stating the order of priority according to 
which renewals of these old parts should be 
governed. 

It was understood that we should in the 
first place examine the superstructure demo- 
lished in May 1940 and reconstructed later. 


It should be understood a priori, that the 
puddled iron is only of retrospective interest 
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since the iron has long ago been replaced 
by mild steel in our structures; but it will 
no doubt be realized how astonishing 1S 
the number of iron superstructures still 
in service on our network and on the main 
lines. 

The material used on 82 superstructures 
was sounded in the same way as was done in 
the case of the Thames Bridge. 

Fortunately, all these structures which 
in general had well resisted oxidation, did 
not give such poor results as was the case 
with the Thames bridge, and a good num- 
ber of them gave such good results as to 
allow them to be classified as «good » 


irons, No. 4 and 5 in the range referred 


to above. 


The overall variations in the character- 
istics (lengthwise) of the whole of the super- 
structures in iron which were examined, 
were as follows : 

The elastic limits varied between 19 
and 35 kg/mm? (12.06 and 22.22 tons per 
sq. inch); the breaking strengths from 25 
to 43 kg/mm? (15.87 to 27.30 tons per sq. 
inch); the expansions from | to 26 %. 
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Fig. 6. — For iron. 


Explanation of French terms : 


Allongements = Elongations. — Fréquence en % 
quency in %.» — Fer. Limites élastiques et charges de rup- 
ture. Diagrammes et fréquences en long. = Iron. Elastic 


limits and breaking loads. Lengthwise frequency graphs. 
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The following frequency graphs give the 
«percentages reached » for the whole of 
he tests made (Fig. 6). 


These considerable differences in the 
esults may at first surprise, in particular 
is regards to the elongations, but actually 
hey are not extraordinary, as CoucHE 
n his book (1873 edition) on the railways 
tates that elongations for irons may vary 
yetween 1.7 and 17 %. 


Measured transversely, 67°% of the 
xpansions are less than 2 % and _ the 
emaining 33 % lie between 2 and 5 %. 

These results compared with the condi- 
ions laid down for steels, easily tend to 
udging the majority of the materials 
xamined as being unsatisfactory, especially 
f we take into consideration the lack of 
luctility shown by the bending tests. 


Hence, we found ourselves obliged to 
mdertake a more detailed analysis of the 
ahenomena characterising the behaviour 
of the iron on the one hand and of the steel 
yn the other. 


We could not in fact without further 
xamination, call materials poor which 
tood up for more than 60 years in our 
tructures without failure taking place in 
ervice. 


This is why, wetook advantage of the 
ypportunity to follow up our experimental 
nvestigations on the iron used in numerous 
tructures erected at different periods, 
mid we undertook a more far reaching 
malysis of the factors which would enable 
is to arrive at a sound and more definite 
sstimate of the actual value of puddled 
ron which was the material used for our 
ormer metal structures. 

Let us therefore take up point by point, 
he data obtained from the flange plates 
of the Thames bridge, at the same time 
ittaching the comments called for by the 
xxamination of other bridges. 


A. — CHEMICAL ANALYSIS. — What 
particularly kept our attention from the 
tart, was the very high phosphorus content 
of the irons we examined; we should 
‘emember that the plates of the Thames 
sridge showed a content of 0.52 %. 
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Of the 82 bridges examined, 135 complete 
analyses were made, of which we will only 
consider the phosphorus, since the quantities 
of other measured chemical elements could 
be considered as normal. 


Fig. 7 shows the phosphorus content 
and its periodic variation. 


Teneurs en phosphore 
Diagramme de fréquence 
Nombre total danalyses + 135 « 


Wie, Ws 
Explanation of French terms : 
Pourcentages = Percentages. Fer =clIron, Teneurs 
en phosphore = Phosphorus contents. — Diagramme 


de fréquence = Frequency diagrams. — Nombre tota 
d’analyses : 135 = Total number of analyses ; 135. 


61.2 % of the specimens showed a phos- 
phorus content reaching or exceeding 
0.4 % and going up to 0.8%. 

Only 1.5 °% of the phosphorus contents 
were lower than 0.2 %. 


We were not unaware of the fact that 
when analysing puddled iron, the phos- 
phorus content is always very high, owing 
to the fact that the cuttings contain, 
unavoidably, slag inclusions, where phos- 
phorus is much more abundant than in 
the surrounding iron. 

It is estimated that about 1/4 to 1/5 of 
the total phosphorus is contained in the 
slags included in the puddled iron and it is 
generally admitted that the remaining 
phosphorus gives rise to the formation of 
Fe3P, which enters into solid solution 
with the iron. 


Hence, this iron consists of polyhedral 
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grains of ferrite containing the Fe3P in 
solution. 

It is simple to calculate the amount of 
Fe3P formed. In effect the atomic weight 
of the iron being 56, and that of the phos- 
phorus 31, we get for the phosphorus : 


(3° < 56) =— 31 == 199 particles sof Pesh. 


One part of P therefore gives rise to 
approximately 6 parts of Fes3P. 

If we return to our total content of 0.52 % 
of the Thames bridge, we shall have : 
1/5 or say 0.10 % retained by the slag and 
about 0.4% available for forming Fe3P, 
which sives us ("x (6924) 92 of oFe;P 
in solution in the iron, hence the increase 
in fragility. 

Actually, and to a certain degree, the 
iron thus contains less P than would appear 
from the analysis; but this point being 
admitted, it was not any the less true that 
the content of 0.52 % appeared to us to be 
excessive. 

In order to get confirmation of our 
impression, we asked for the opinion of the 
Management of the « Forges et Laminoirs 
de Baume» at MHaine-Saint-Pierre, the 
only Belgian works still making use of 
puddled iron. 

Their reply was as follows : 

«The French specification places at 
0.14 % the maximum content in phosphorus 
for puddled iron used in the production of 
boiler tubes for the Mercantile Marine. 


« The same maximum content in P js 
specified for puddled bars used for this 
purpose. 


« The puddled iron produced by Baume, 
seldom contains more than 0.10 % P. 


« We estimate » continues this letter, 
« that the P content must not exceed 0.10 % 
for posts subject to motor shocks. 


« Nevertheless, we are of the opinion, 
that phosphorus contents of 0.10% to 
0.20% may very well be admitted in 
ordinary structural works ». 

Thus our view that iron containing 
sensibly more than 0.20% of phosphorus 
should be considered with suspicion, is 
confirmed. 
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On the other hand, in his « Manuel de 
la Métallurgie du fer », 1895 edition, the 
German Professor LEDEBUR in discussing 
phosphorus expresses himself as follows 
(Vola Lipp. 221a ie: 

« Wrought iron often contains 0.3 and even 
0. 4 °, of phosphorus; under these conditions 
it is certainly fragile, but it can nevertheless 
be used for a certain number of current 
uses. » 


The same author also says (Vol. I, p. 322) : 


« The influence of this element (phospho- 
rus) on the mechanical properties of iron 
is very marked; a small quantity does not 
appear to affect the tensile strength where 
there is no shock action, a slightly increased 
amount however reduces it. » 


« The elastic limit and the coefficient 
of elasticity are higher, ductility is reduc- 
ed; increased brittleness is noted; vibra- 
tions which are sometimes very slight, 
lead to fracture in iron containing phos-_ 
phorus; such fractures often take place, 
once the elastic limit has been passed. » 


One cannot give a better reply to the 
question raised. 


We may now pass to the tensile tests. 


These results of tensile tests have likewise 
called our attention and were worth of 
a detailed analysis. 


We give diagrams of elongation under 
load of iron and of mild steel under normal 
average conditions in Fig. 8. 


We observe that the elastic limits are of 
the same order; on the other hand, the 
zone of plastic deformation. very restricted 
in the case of iron is very considerable for 
mild steel. This zone includes a period of 
elongated contraction for the steel, whereas 
in the case of iron this period is usually 
very short, at times almost equal to zero. 


Exception may be made however for 
some structures in which the specimens _ 
tested, indicated a zone of plastic deforma- 
tion approaching that of steel (particularly — 
the test bars taken from the Remouchamps 
bridge, built in 1882.) . 


The diagrams also show tests in the trans- 
verse direction and these indicate an i 
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more marked difference as regards plast- 
icity. 

From an examination of these diagrams 
we gather that the iron, generally speaking 
oresents a satisfactory elastic limit ap- 


Comparaison des 
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disintegration starts at certain points be- 
fore the elastic limit has been reached. 

If we consider that the slag inclusions 
tend to break the continuity of the mass of 
iron which envelopes them, il will be readily 


diagrammes de 


traction du fer et de Tl'acier 


- Allures genérales - 


Fer _ En long 


¢ 
ry 


Fer. En travers 


J 


ru 
uptur 
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RB» 
& 


~ 
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y 
> 
cr) 

~ 
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Charge de rupture 


Pie. 8: 
Explanation of French terms : 
Comparaison des diagrammes de traction du fer et de Vacier. — Allures générales = Comparison 
of the diagrams of elongation of iron and steel. — General views. —- Charge de rupture = 
Breaking load. — Fer-En long = Iron. — Lengthwise. — Acier = Steel.— En travers = 


Crosswise. — Allongements = Elongations. 


roaching that of mild steel. Once this limit 
; exceeded, the plastic deformation be- 
omes very restricted and in many cases 
eads to a more or less rapid disintegration 
f the material. 

It is even permissible to assume that the 


appreciated that the greater the number 
and size of slag inclusions, the more the 
inherent capacity for deformation of the 
iron will be reduced, and the more easily 
disintegration will set in. 

This effect becomes clear from mechan- 
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ical considerations. These inclusions act 
as slots, which tend to favour a fracture due 
to the high stresses set up locally. 

In fact, if we go back to the initial 
treatment of the iron, it can be said that 
the quality of the puddle bars forming the 
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ment, govern the final quality of the iron, 
The presence of important slag inclusions 
is a sure indication of insufficient refinement, 


This being so, we shall not be surprised 
to find in one and the same bar, strengths, 
elongations and contractions which vary 


blooms, their degree of refinement and (47 derably. We give below a few in- 
their temperature at the moment of refine- Seana: 
TABLE III. 
1. — Tests made on two plates from the underbridge from the Mandeville Road to Liége-Guillemins. 
Ist plate : 

Sample No 1, lengthwise E = 22.75 kg/mm2 (14.44 tons per sq. inch) 
R = 31.6 kg/mm2 (20.06 tons per sq. inch) 
IN Of, == WB. 

Sample No. 2, lengthwise . E = 23.15 kg/mm2 (15.55 tons per sq. inch) 
R = 29.45 kg/mm2 (18.69 tons per sq. inch) 
Ae == Oss 

2nd plate : 

Sample No 1, lengthwise E = 23.7 kg/mm? (15.04 tons per sq. inch) 
R = 29.45 kg/mm2 (18.69 tons per sq. inch) 
Ao =. 5.0, 

Sample No. 2, lengthwise . E = 23.67 kg/mm2 (15.02 tons per sq. inch) 
R = 32.8 kg/mm2 (20.82 tons per sq. inch) 
AUK LILA: 

Sample No. 3, crosswise . E = could not be ascertained 
R = 21.45 kg/mm? (13.61 tons per sq. inch) 
NO, ss 20) 

2. — Tests made on materials taken from the bridge at B. K. No. 14486 of the Lembecq to Ecaussines lines. 

Sample No. 1, lengthwise . E = 33.00 kg/mm? (20.95 tons per sq. inch) 
R = 41.8 kg/mm? (26.53 tons per sq. inch) 
IX Oy, == lately, 

Sample No. 2, lengthwise . E = 32.40 kg/mm? (19.93 tons per sq. inch) 
R = 35.6 kg/mm? (22.60 tons per sq. inch) 
IN OF ss PANS, 


We could quote plenty of other instances 
equally striking. 

It should be added that when taking 
and testing several pieces from the same 
superstructure, we obtain varying results, 
especially regarding elongations and con- 
tractions. 

The quality of ductility, closely related 
to plasticity which we referred to, is like- 
wise seen in the bending tests. 


Numerous test bars, in longitudinal 
section, fracture in part at the zone stressed 
at an angle less than 60° and when the 


test pieces resist bending stresses in parallel 
sections, the analysis often indicates a 
phosphorus content below 0.4% and low 
slag inclusions. 


Cut in cross section, the majority of the 
test pieces show high fragility and are 
broken by very low stress, sometimes even 
below the elastic limit observed in longitud- 
inal sections. 


We will now see how the iron resists the 
dynamic stresses. 

Resilience being defined by the work 
done on a test bar slotted to a predeterm- 
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ied section, stated in kg/cm;, it will be 
ppreciated that the shock stress to which 
ae bar is subjected in the course of the 
sst will depend on the degree of plastic 
eformation in the neighbourhood of the 
OL. 


The greater the zone of plasticity pre- 
ented by the metal under stress, the greater 
‘ill be its ability to deform under shock 
ress and hence the higher could be its 
esilience. 


As we have seen, since the plasticity of 
1e iron under static stresses is restricted 
s regards the qualities which we are 
onsidering, we must not expect other than 
yw resiliences which point to rapid disint- 
eration. 


All in all we have handled 91 sets of 4 

est pieces in the longitudinal section and 
2 sets of 4 test pieces in cross-section. 
‘he means recorded lie between 0.5 and 
kgm/cm2? in the direction of rolling (long- 
udinal section) and between 0.5 and 
75 kgm/cm? for the pieces cut in cross 
ection. 


The few higher figures relate to specimen 
aken from the Remouchamps bridge and 
‘om certain superstructures from the Je- 


relle-Dinant line ¢B. K. 8 788). 


The graphs showing its prevalence are 
iven below (Fig. 9). 


In the longitudinal sections, the percent- 
ge of figures below 4 kgm/cm? reaches 


5.7 9%, 


Of the cross-sections, no test piece gave 
kgm/cm? and 66.2 % showed figures less 
aan | kem/cm?. ‘Thus, the predominant 
vfluence of phosphorus was noticeable in 
ae fragility of the specimen. A low content 
1 phosphorus corresponds to a low content 
1 slag inclusions, hence good refinement 
nd higher resilience. 


When shock stresses are concerned, we 
ave seen that opinions are unanimous in 
ttributing to the presence of phosphorus 
n increase in fragility. 


It remains to be stated that the micro- 
raphic examinations have given valuable 
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information concerning the position, the 
distribution and the number of slag inclu- 
sions. 

These inclusions are found in the form 
of strings and beads lying in the direction 
of rolling of the metal; this fact gives the 
fractures their characteristics appearance 
of laminations. 


Moyennes odtenues au cours de 91 séries 


de “4 éprouvettes en long et de 62 sértes 
de 4 eprouvelles en travers 


Ine, 8), 
Explanation of French terms : 


Résiliences = Resiliences. — Pourcentages = Percentages. — 
Diagramme de fréquences. = Diagram of frequencies. — 
Travers = Cross section. — Long = Longitudinal sec- 
tion. — Fer = Iron. — Moyennes obtenues au cours de 
91 séries de 4 éprouvettes en long et de 62 séries de 4 éprou- 
vettes en travers. = Averages observed with 91 sets of 
4 test pieces in the longitudinal section and 62 sets of 4 
test pieces in cross section. 


We may summarize by stating that the 
fundamental property of the relatively 
high elastic limit of the iron explains its 
excellent behaviour in our structures. 


Provided the working stresses are normal 
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and that we have only to deal with static 
stresses, the safety of the structure is assured. 
This condition is not maintained if shock 
stresses are to be feared and if the phospho- 
rus content is high. In this case we must 
remember the fragility which is brought 
about by the relation between cause and 
effect. 


We should not forged that the danger 
may be increased by reductions in cross- 
sections due to corrosion, since we had 
emphasized in passing the good behaviour 
of the iron in respect to corrosion, but it 
is certain that helped by the effect of 
weathering, the destructive effect of oxida- 
tion had taken place among the samples 
which were submitted to us, amongst 
which sections were found which pre- 
sented considerable reductions in important 
sections. 


A final observation may be made con- 
cerning our test results, namely that the data 
collected may perhaps very imperfectly 
reflect the properties of the metal parts 
when new and that these properties may 
have become modified by ageing? 


We should remember that by « ageing » 
of iron and steel we understand the changes 
which take place in time at ordinary 
temperatures or at moderate temperatures, 
as a result of unbalanced conditions due 
may be to tempering being done below 
the a’ point (about 720° C) or after cold 
forging: (tension, compression, torsion, cold 
drawing, etc.). 

Then the metal tends to return by itself 
towards a more stable physico-chemical 
state of equilibrium, but this return is 
delayed by internal friction which constitutes 
passive resistances which are greater the 
lower the temperature at which the change 
has to take place. 


The effects of slight supersaturation of 
carbon, oxygen and of nitrogen are shown 
by intergranular precipitation of micro- 
scopic or ultra-microscopic particles of 
cementite Fe3C or by a precipitation of 
oxide Fe304; or of nitrite Fe4N along the 
joints of the grains and along certain 
crystallographic planes. Under these forms, 
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the precipitations result in a blocking of the 
lines of cleavage in the crystals and are the 
cause of increasing the resistance, the 
hardness and the elastic limit, while the 
elongation and above all the resilience 
diminish to a marked degree. Thus the 
metal has become more fragile. The 


2 
ae 
= 
x 
3 
iS 
Me 


Fig. 10. 


mechanism of these supersaturations arises 
from the graph of physico-chemical equilib- 
rium which takes the same form in all three 
cases (Fig. 10). With the heating, the solu- 
bility of B in the solid solution increases 
as the temperature rises and when cooling 
takes place the solution deposits the hard 
constituants Fe3C, Fe304 or Fe4N. 


The pieces of iron which we examined, 
did not disclose any signs of ageing during 
the mechanical and metallographic | tests. 


Reheating to 925° C of certain samples 
has not sensibly modified the mechanical 
characteristics as compared with the results 
obtained from the metal in its natural state. 
Moreover tests made on accessories such 
as adjusting clips gave results agreeing with 
those obtained from the other samples. It 
is therefore permissible to claim that the 
characteristics noted in the case of parts 
taken from the structures, are similar to 
those obtained from the metal in its original 
state or at most differ very slightly from 
those results. 


At the same time, ageing cannot be 
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xcluded from the characteristics of the iron 
nd it is indeed certain that this metal is 
ubject to ageing in the sence which we 
1ave described, and if it does not take 
ylace to the same extent as in the case of 
teel at least it is subject to it within certain 
imits. Actually, the metal always contains 

slight amount of carbon and _ nitrogen 
vhich may give rise to supersaturation 
x cold working, to intergranular precipita- 
ion of particles of cementite or of nitrides 
hat characterize the phenomena. 


We may add, in order to complete our 
nvestigation, that we also made a certain 
‘umber of endurance tests by repeated 
hocks on cylindrical, non-slotted test pieces ; 
yut these tests could only be made on 
amples exceeding 12 mm (15/32") in 
hickness. 


The values arrived at in the course of 
hese trials could only provide a_ useful 
nterpretation when we were able, further 
m, to compare them with those found for 
he steels. 


Hence forward however, we can confirm 
hat the figures obtained show, by their 
variations the chemical, physical and 
aechanical diversity of the types of iron 
mployed. 


In conclusion we would emphasize that 
he rivets used in the iron construction 
howed a higher quality of iron, much 
yurer as regards phosphorus content and 
aclusions. 


The phosphorus content of all the rivets 
xamined was less than 0.2 °4, which goes 
0 prove that at the time when one used 
aediocre iron not very thoroughly worked 
nd having a high percentage of phosphorus, 
aanufacturers were fully aware of the need 
f using rivets and bolts of higher quality 
nd more thoroughly wrot, in order to 
emove the bulk of the slag inclusions. And 
s it is seen, they well knew how to pro- 
luce this. 


Moreover, it would be unfair to our former 
con masters, to imagine that no progress 
iad been made in the manufacture of iron. 
‘or example, it had not escaped their 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


587 


notice that the characteristics in cross- 
section were not a sufficient guide and 
gave rise to an actual risk. This is why, 
in order to correct this defect, the manu- 
facturers had the treatment of the shearings 
forming the blooms before taking them to 
the forging press, rearranged so that in each 
faggot the bars were laid transversely and 
then staggered so as to obtain the best 
results after rolling. Improvements in the 
construction and working of the furnaces 
were likewise introduced from time to time. 


We have investigated into the puddled 
iron or in any case the qualities of puddled 
used in the building of a good number of 
our superstructures. 


We have tried to deduce from various 
tests the information which they have 
provided on the nature and on the pro- 
perties of iron and also concerning its 
defects and in the final reports on each of 
our constructions we have not hesitated 
to point out the dangers of a material 
with properties so variable and so hetero- 
geneous that it may be described as 
having a true tendency towards disinte- 
gration. 


This is why we have proposed that apart 
from the conditions of stability, the contents 
in phosphorus found in the samples (spe- 
cimens) should be considered as a factor 
to determine the urgency of renewals in 
iron superstructures, the state of oxidation 
and maintenance forming another factor 
which must be taken into account. 


We cannot however close this chapter 
on iron bridges, without pointing out that 
at the present time iron of excellent quality 
is still being produced — of which the pro- 
perties are well known and which are in 
no way inferior to the best qualities of 
mild steel. 


We would specially note that iron always 
takes precedence over steel for ships chains 
and for haulage chains in collieries, on 
account of its excellent weldability, its 
good resistance to corrosion in sea water 
and its good wearing qualities. 


We now can pass on to steel bridges. 
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II. — VIERENDEEL BRIDGE ACROSS 
THE CANAL AT MALINES — no- 
minal span 63.140 m (207 ft.). 


The part selected for test, weighed approx- 
imately 2000 kg (1.96 t) and was taken 
from the upper parts of the superstructure. 


This piece was projected by the explosion 
for a distance of about 100 m from its 
original position. 

In the position originally occupied, this 
section of the superstructure consisted of 
4 top flange plates forming the boom, each 
plate measuring 400 x 16 plus a portion 
of the bolt strap of the same thickness. 


Before cutting, the piece in question was 
carefully examined. 


It showed no cracks or defects, apart 
from the portions which were fractured, 
which could be attributed a priort to a lack 
of quality in the material. 


The fractures at both sides of the piece, 
about 4.50 m in length, had not the same 
appearances. 


On the one hand, the different elements; 
webs, angle irons and boom plates making 
up this fragment of the structure, showed 
clean fractures, with little or no deformation, 
while on the other they exhibited twisted 
parts, deformations and contractions of 
considerable importance. 


The lack of deformation may be explained 
by the suddenness of the fracture due to the 
action of the explosive. 


This type of fracture is what is known 
as « rupture de décohésion » (or in German 
« Trennbruch ») in which the explosive 
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action causes a complete and rapid cessation 
of cohesion in a given plane. 


In this case, there is no permanent 
deformation; hence the crystalline appear- 
ance of the intergranular fracture which 
sometimes led to a belief in a lack of ductility 
in the steel. 


On the other side of the section, the 
plasticity of the metal was on the contrary 
able to play a part, in the sense that the 
crystalline area suffered slips at a certain 
number of levels, ultimately encountering 
each other and causing relative slip deform- 
ations until further movement became 
impossible, i. e. until the instant of fracture 
which was the final outcome. 


In Germany, they use the term « Gleit- 
bruch » for describing these plastic phe- 
nomena. 


The tests were carried out on two boom 
plates, one exterior (top) and the other 
underneath the first, and also on three 
rivets, of these one rivet head was torn 
from its shank by the explosion. 


The results are as follows : 


A. — MACROGRAPHS. — The Baus 
mann imprints show a central zone with 
slight elongation. No important concentra- 
tion of sulphur was noted except a few 
points which were more marked, calling 
attention to the effervescence of the metal 
at the moment of its solidification. 


B. — CHEMICAL ANALYSIS. — The 
cuttings were milled out over the whole 
transverse section of each boom plate: 


TABLE IY. 


Determination on 


a) The outer plate . 


b) The inner plate. . . 


oO 
P % 


0.049 
0.068 


Sim 


trace 


trace 


ee 
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TABLE V. 


Limit of elasticity Breaking stress EI Contrac- 
. o ong- . 
Description ation HO 
and location of the tests tons tons of area 
kg/mm2 per kg/mm2 per 
sq. inch sq. inch We vA 
1. Immediate vicinity of fracture with- 
out deformation : 
a) outer plate, lengthwise. . DSSS 16.18 39.0 24.76 21.9 62.3 
b) inner plate, lengthwise . 32.8 20.82 43.6 27.68 20.6 56.4 
2. Continuous metal, unaffected : 
a) outer plate: lengthwise . 24.2 15.36 Bie 23.61 Silks 64.0 
crosswise. 24.0 15.24 37.0 23.49 26.2 45.9 
b) inner plate : lengthwise . 29.4 18.66 41.8 265 26.8 61.4 
crosswise. 30.5 19.36 40.8 25.90 eS) 43.6 


C. — ‘TENSILE TESTS. — The flat test 
pieces agree with those accepted by our 
company and are defined by the formula 


L = 166.67 S 


The above results show that in the zone 
close to the fracture without any plastic 
Jeformations, a certain amount of cold 
nardening is shown by an increase of the 
slastic limits and of the breaking stresses and 
oy a reduction ofthe elongations. These 
reductions in the characteristics correspond 
(0 a state of ageing due to cold hardening. 


Beyond this hardened zone, restricted to 
the vicinity of the fracture, the extent of 


which is not easy to determine, the normal 
properties of the metal reappear and the 
tests indicate that the characteristics are 
those of good quality mild steel. 


DO BENDING TESTS. ——) Une. test 
pieces are 40 mm, (1 37/64") wide” and 
250 mm (9 27/32") long. 

The two test pieces taken lengthwise 
from each of the plates, beyond the rupture 
zone, resisted bending through 180° (doubl- 
ing) on itself without presenting fissures. 
or cracks. 

It was not possible to obtain bending 
test pieces in the neighbourhood of the 
fracture. 


TABLE VI. 


Description and location of the test pieces selected 


Average resilience measured 
on sets of 4 test pieces 


1. Zone adjacent to fracture without deformation : 


a) Outer plate, lengthwise 
6b) Inner plate, lengthwise 


2. In zone of solid metal : 
a) Outer plate, Jengthwise 


/ 


b) Inner plate, lengthwise 


4.62 kgm/cm2 


4.21 kgm/cm2 


10.99 kgm/cm2 


10.25 kgm/cm2 


EEE 
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E. — RESILIENCE TESTS. — The _ the two boom plates, show ferrous structures — 
test pieces are of the Mesnager type with of mild steel of fine and regular grain : 
a slot 2 mm (5/64”) in depth rounded off (Fig. 11.) | 
at the bottom, cut at right angles to the No deformation of the grains due to cold 
main faces of the wide plates. hardening was noted, under the micro~ 

A considerable drop in the resilience in scope, in the zone adjacent to the fracture by” 
the zone adjacent to the fracture, which decohesion. 
confirms the indications given by the Examinations of the rivets have justified 
tensile tests. These drops in peeie the following remarks : 
amount respectively to 58% and 59 ° 


Hi 
ct 
i 


: 


The existence of a zone affected by pe Two rivets showed a noticeable elongation | 
hardening is thus demonstrated. at the neck, indicating a satisfactory degree 
: of plasticity. Their structure is fine and 
As regards the figures obtained from the Ae y 


test pieces taken from the unaffected zone, 
these are satisfactory and correspond to 
those which can be expected for mild steels 
of good average quality. 


The third rivet showed a clean fracture 
at the neck and indicates the superheating — 
which is well shown close to the fractured — 
section. The fragility of the superheated 

F. — MICROGsunAPHIC EXAMINA- zone has favoured the detachmert of the ~ 
TIONS (1). — The specimens taken from head (Figs. 12 & 13). 


: Pont Vierendeel sur le canal ¢ Malines 


Structure de la 2¢ semelle de la membrure supérieure 
_. Portee théorique: GSO, 


ites. It Pigs 12) 
Vierendeel Bridge on the canal at Malines. Vierendeel Bridge at Malines. 
Structure of the 2nd. boom plate of the super- Normal structure of the rivet beyond the super- 
structure. Nominal span 63.140 m. heated zone. 


(1) The original micrographs of Figs. 11, 12, 13 which were 100 x have b hot i 
eee ve been pho ographica 
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Vierendeel de Malines 


ture de surchauffe de lextréemité de la tige 
de lz téte détachee par explosion y 


Fig. 13. 


Vierendeel Bridge at Malines. 


tructure of the superheated extremity of the rivet 
shank (at the head which was blown off by the 
explosion). 


In conclusion it may be stated that the 
wo boom plates examined are mild steel 
f good quality which had not been killed. 


This important structure was recon- 
tructed after eliminating all the parts 
lestroyed, deformed or adjacent to the 
xplosions. 

_It was put back in service early in 1941. 


2 KK 


The investigation was continued on other 
tructures and 41 superstructures, mostly 
lestroyed by dynamite in 1940; they were 
ubjected to tests of materials by means of 
yore holes in the zoné adjacent to the 
xplosion and in the parts that were left 
ntact. Each superstructure examined was 
ubjected to a detailed report dealing with 
he anomalies observed, with conclusions 
rrived at for each case dealt with. 


It is certainly not easy to separate from 
ontrols so restricted and frequently limited 


2 
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to a few detached parts, conclusions of an 
absolute character on the value of the 
materials employed in our rivetted struc- 
tures. but we think we have kept within 
the limits of sound interpretation by setting 
up the following general considerations 
in support of which we have added the 
necessary comments. 


1° ‘Taken as a whole, the Thomas mild 
steels used in our riveted structures have 
very satisfactory characteristics which 
comply with the conditions prescribed by 
the specifications in force. 


The diagrams below summarize the 


results obtained (Fig. 14). 


As regards tensile stresses, it is to be noted 
that the highest percentages concern the 
elastic limits above 25 kg/mm? (15.87 t 
per sq. inch) and the breaking stresses 
exceed 35 kg/mm? (22.22 t per sq. inch). 
In both cases, the highest figures refer to 
semi-hard steels that are met with excep- 
tionally. 

We would also point out that the plastic 
stretching was of great importance and that 
Overs ol 96 Olathe tests. cxcecded. 26.9/,.1n 
the lengthwise elongation; while the cross- 
wise stretchings exceeded 21 °% of elonga- 
tion and attained a recurrence of more 
than: (3.0/7 

If we revert for a moment to the figures 
obtained with the iron, we find that for 
this material 90% of the lengthwise 
elongations were less than 21 %. 


2° The chemical analysis have sometimes 
revealed average contents in sulphur and 
phosphorus higher than the maxima usually 
admitted in the industry for the Thomas 
(basic) steels of current quality, e. g. 
Sulphur : 0.06 °%; phosphorus : 0.075 %; 
Sulphur + Phosphorus: 0.12 %. 


The mean maximum contents recorded 
exceptionally in the course of the analyses 
were as follows : 


Sulphur : 0.097 °4; phosphorus : 0.14 %. 


These content figures are evidently too 
high and would tend to seriously damage 
the properties of the metal. Certain cracked 
web plates showed 0.14 °% of phosphorus. 
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Fig. 14. 
Explanation of French terms : 
Limites éJastiques et charges de rupture = Elastic limits and breaking loads. — 
Diagrammes de fréquences = Diagrams of frequencies. — Acier = Steel. = 
Allongements = Elongations. — Fréquence = Frequency. — En long = Length- 


wise. — En travers = Crosswise. 
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Ligeti, 
Explanation of French terms : 

Acier = Steel. — Diagrammes de fréquences = Diagrams of frequencies. — Pour- 
centages — Percentages. — En long = Lengthwise. — Moyennes obtenues au 
cours de 90 séries de 4 éprouvettes en long et de 75 séries d’éprouvettes en 
travers. — Averages obtained with 90 sets of 4 test pieces in thelongitudinal 


section and 75 sets of test pieces in cross section. 
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It must not be lost sight of that the 
ontents cited as a rule are averages of 
nalyses made from cuttings taken from 
he entire section of the rolled metal. The 
ctual contents in sulphur and phosphorus 
vould be much higher, if the measurements 
vere restricted to zones segregated from 
teels that had not been killed. 


The metallurgists have nowadays an 
asy and economical way of desulphurizing 
ae liquid castings for conversion by sodium 
arbonate. ‘This process is in general use 
nd it is possible in the ordinary course 
y treating these castings, to obtain steels 
basic) showing very low sulphur contents. 


< 0.06%), 


| 3° The resilience tests, not for use as 
cceptance tests for the material, have 
nabled a determination to be made of the 
eneral extent to which steels which have 
ot been killed, are able to resist failure of 
otched bars when subjected to mechanical 
aock. 

The graph, Fig. 15, shows average results 
jbtained with the set of 4 test pieces selected 
fom among the samples. From this it is 
pen that 84.38 °%% of the lengthwise series 
jave figures lying between 8 and more than 
8 kgm/cm2. 

When we get high’resilience, e. g. 18 kgm, 
often happens with mild steels which show 
ligh plastic deformation, that the test 
ieces bend without fracturing completely 
ad the test piece escapes the blow by 
assing down the passage left clear for the 
flendulum. In such case, the figures for 
‘silience fail to indicate the total amount 
f work which should be absorbed by the 
‘st piece. 

'We must remember that temperature 
as great influence on the fragility of the 
etal. 

Fig. 16 shows generally the variation of 
silience in a mild steel with the tempe- 
ture ruling at the instant of test. 

Point C of the curve shows tests made at 
)° C, which is the normal temperature of 
te air in the laboratory, within + 95°. 


If the temperature falls to near 0°, the 
top in resilience is sudden and remains 
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very low at the low temperatures, especially 
for crude steels of ordinary quality from the 
rolls. 


The phenomenon is of general occurrence 
and refers to all grades and qualities of 
steels. 


On the curve, we note towards 500° 
(point E) a flexure which corresponds to 
the temperature of a blue colour, which 
is well-known by steel workers for the 
fragility which accompanies it. 


Point F is the peak of the curve and is 
followed by a new drop corresponding to 
the beginning of viscous deformation due to 
the temperature reached. 


ir 
| 


= 


Température de lessar 


générale de lz variation 
résilience dun acier doux 
avec la temperature 


Fig. 16. 
General view of variation of resilience of a mild 


steel with the temperature. 


In general, the resilience tests made on 
samples of plates both flats and standard 
rolled sections, have not shown great 
dispersion which would hinder the appre- 
ciation of the very satisfactory averages 
obtained. This is largely due to the fact 
that we have only rarely come across 
marked segregation and few cases of coarse 
crystallization due to superheating. 
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the great dispersion in the values obtained 
for resilience. 


In addition, if we take into account the 
disturbed balance in the distribution of the 
masses between the web and the flanges of 
: these heavy sections, an _ out-of-balance 
" PouTRELLE GREY DE which results, owing to cooling after rolling, 

65CM DE HAUTEUR | in contraction stresses which are both 
| severe and unequal, capable of bringing 
| SEGREGATION SULFUREUSE 4 | about sudden fracture, one is bound to ~ 
4 ' admit that these original loads have a bad 
effect on the quality of the material and 
may even cause unreliability and failure. 


What we have just said about the hetero- 
geneity of heavy rolled sections holds 
equally for heavy plates of large dimensions. 
This is the reason we are in favour of using 
killed, mild steel, with macrographic control ~ 
and using resilience tests, for the plates 
forming the webs of important riveted 
superstructures having solid webs. 


These practical tests made in carefully 
predetermined cases, swould reveal the 
chemical and physical heterogeneity of the 


Fig. 17. metal. hey would be restricted to plates 
of a thickness exceeding 12 mm (15/32"), @ 


The heaviest dispersions in the resilience 
values were seen in the heavy sections : 
broad-flanged grey girders, or ordinary 
beams of heavy section, in Thomas (basic) 
steel. 


The fact must be borne in mind, since 
we have already noted the importance of 
the greater segregation which increases with 
the cross-section of the ingots. Certain 
heavy sections require ingots weighing up 
to 16 tons. The importance of the segrega- 
tions in these sections are clearly seen in the 
macrographs and show the considerable 
chemical heterogeneity which results. In 
Fig. 17 we give an example of a Baumann 
macrograph taken from girders of large 
dimensions, obtained from heavy ingots 
and showing the extent of the segregation 
of sulphur. 


If we add the very real difficulties in Fig. 18. 
heating such ingots to an oven temperature Ageing of the steels 
before rolling in additi . 
eae ee we find has in are to Bite Thomas (basic) steel at 0,07 % C cold hardened 
eterogeneity we are faced with to 5 % and heated to 200° for 30 min. Preci- 


. . . i) 
physical heterogeneity and that explains pitation of nitride and intergranular cementite. — 
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Fig. 19. 


Ageing of the steels. 
Thomas (basic) steel cold hardened to 5 % foll- 
owed by heating to 100° C for | hour 
Needles of Nitrite. 
k Attaque de Fry ». 


che effervescence of the steel being admitted, 
ander the usual conditions provided for 
oy the specifications, for plates of 12 mm 
or less, for wide plates and all standard 
sections. 


We must still say a word about rivets for 
Wwhich mild steel not previously killed had 
een accepted hitherto. 


It seemed to be necessary to supply these 
m killed steel, so as to reduce the risks of 
thange by ageing and to avoid the formation 
of craters at the heads — a defect which 
appeared to be principally due to rapid 
purning of the metal in the central segre- 
kated portion of the shank when the rivet is 

eated. 


There are evidently other causes produc- 
ing alteration in the metal. 


It is possible in effect to burn or overheat 
1 rivet in’ the furnace by using a badly 
‘egulated arrangement (too high amperage) 
or by neglect (lack of cleanliness in the 
soles) or by leaving the rivet in any sort of 
‘urnace under a high temperature. 


| 40 The hardening due to cold deforma- 
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tion : 1. e. straightening, bending or ham- 
mering may, according to the weather and 
especially if the metal is heated moderately 
to a few hundred degrees, profoundly 
change the properties of steels by ageing, 
more especially in the case of steels which 
have not been killed. 


Fig. 18 to 20 illustrate the theory of 
ageing which we have sketched out briefly 
in regard to iron. They show steels which 
after hardening and moderate heating, 
indicate nitrite precipitation. 

We note also that hardening due to fati- 
gue may simply give rise to slipping of the 
grain, which is shown in micrographic 
examination by the characteristic hemitropic 
structure (« macles »). 


The nitrite precipitation only appears 
in the microscope if the nitrogen content 
is relatively high (> 0.03 9% according to 
SAUVEUR). Generally speaking, the mild 
Thomas steels produced by our steel works 
contain between 0.010% and 0.018% 
nitrogen, 


Professor LrFEBVRE, in his remarkable 
paper on « Problems of Steel-making » 
read in November 1947, to the « Société 


iY 
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Fig. 20. 


High pressure flanged pipe hardened following 
alternating stresses. 


Slipping lines (macles) in the grain. 
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Royale Belge des Ingénieurs et des Indus- 
triels », recalled the very pertinent fact, 
that in the course of preparing steels which 
have not been killed, the nitrogen content 
increases with the oxidisation period i. e. 
in proportion to the cubic metres of air 
blown in under pressure, with the average 
temperature of the operation and with 
the depth of metal in the converter. 


By applying these data we can explain 
the least tendency towards ageing in puddled 
iron from the fact that the temperature 
required for producing iron in the pasty 
condition is lower than for the steel and 
that the quantity of air introduced is much 
more limited, thus reducing the solubility 
of the nitrogen. 


This explanation is confirmed by the 
percentages of nitrogen found in_ the 
specimens of puddled iron taken from 
certain bridges that were examined. 


The results of the analyses of the iron 
are given in the table (VII) below, where 
are likewise shown those referring to 
Siemens-Martin and to Thomas steels in 
order to enable comparisons to be made. 
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From these various considerations, it 
is evident that Thomas steel prepared as 
it is to-day, is more subject to hardening and 
ageing than puddled iron and than the 
steels obtained under other processes. 


It is important therefore to improve 
the quality by making every effort compat- 
ible with the means that are at the steel 
makers disposal, to reduce to a minimum, 
the contents in oxygen, hydrogen and 
nitrogen, all elements which have a direct 
specific action on the final properties of 
the steel. 


In riveted structures of mild steel which 
has not been killed, the changes due to 
ageing must be checked by means of 
certain precautions which form part of the 
best practice in structural work. Every 
operation, whether of cold or hot working 
which might lead to a hardening or temp- 
ering effect must be forbidden. 


In the course of our investigations, some 
cases of ageing have been revealed in certain 
steel superstructures, thanks to the usual 
indications : increase of the elastic limit, ” 
of the breaking stress and drop in resilience 


TABLE VII. 
NITROGEN CONTENT. 


Puddled irons 


Between 0.0028 % 


and 0.0084 % and 


What is important to note is that the 
nitrogen contents of the iron are generally 
noticeably lower than those found in the 
Thomas steels. 

In other respects, the comparative resil- 
ience tests made on bars of iron and steel, 
at Malines in 1939, in their natural state 
and artificially aged (elongations of 5 %/ 
and heating to 250° for 30 minutes) gave 
the same indications of the diminished 
tendency to ageing in the case of puddled 
iron. 


Siemens-Martin Steels 


Between 0.0041 % 


Thomas Steels 


Between 0.010 % 


0.0063 % and 0.018 % 


and elongation. These cases were mostly 
met with in the parts which had suffered 
from explosive action and were not used 
again in the work of reconstruction. In 
some other cases, ageing was revealed in 
parts which were in good condition, 
especially in joint connections close to the 
explosion point; in every case these parts 
were removed. Ageing in these cases 
was either the effect of the explosion or | 
of the fall between the abutments of the 
parts of the structure. 
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5° In addition to the classic tests which 
aave been mentioned, we made some 
ndurance tests by repeated impacts. 


These tests which lasted a long time were 
made on a limited number when the thick- 
ress of the samples made it possible to 
select the necessary test pieces. 


For this sort of test it is helpful to give 
darticulars of the characteristics of the 
Amsler machine which we used at Malines. 


The test is made on a cylindrical test 
niece of 12 mm (15/32") dia., without notch 
and 190 mm (7 1/2") long, resting freely 
yn supports spaced 170 mm (6 11/16”) 
apart. 
The test piece is subjected to blows from 
‘wo 3 kg drop hammers, alternately striking 
-wo generators of opposite polarity. 

The height of drop is 4 cm; thus each 
1aammer gives a blow of 12 kgcm. 
Each hammer delivers 60 blows per 
manute so that the test pieces receive 
20 blows per minute. 


= 


The machine stops automatically when 
the test piece breaks or bends enough to 
yperate the disconnector gear. 


The test pieces selected lengthwise in 
nild steel which had not been killed 
‘esulted in figures of between 45 316 and 
36 456 single blows.” 


The same tests on test pieces of puddled 
‘ron gave figures varying between 18 000 
und 53000 single blows. 


As regards the iron, the test pieces often 
plit longitudinally on a line corresponding 
o the neutral fibres and in the zone acted 
m by the blows. This slitting or cracking 
yrecedes the appearance of transverse fis- 
ures, which when they arise, do not always 
»ccur in line with the points of impact, 
nut rather where an accumulation of 
uperficial slag inclusions are found. 


| As to the steels, the cracking which starts 
it the point of origin of the fracture or 
sauses sufficient bending to stop the machine, 
s normally cross-sectional and this crack 
tarts in a line with one of the two points 
of impact, at the point where progressive 
hardening arises. 


| 
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6° As regards corrosion of the steels, this 
is undoubtedly more pronounced than that 
observed with the irons; and numerous 
pieces of steel have reached us, which at 
certain points showed reductions of section 
of from 30% to 40%. 


ok 2k ok 


This enquiry has enabled us to set up 
a comparison between the iron and the 
steel and to set up, purely objectively, the 
balance between advantages and defects 
of these two materials — a balance which 
has led us to consider the qualities of the 
irons used in the construction of our older 
structures, as dangerous, with very few 
exceptions. 


As regards the steels if we are faced 
with the question: « What can we say 
against (mild) Thomas steels, that have 
not been killed, of which the majority of 
riveted metal bridges on our railway are 
made? », our reply would be « nothing 
or almost nothing », based on the results 
which we have been discussing. 


Summing up : 
In service : no failure, barring a few cracks 


in those parts where there is a high percent- 
age of Sulphur and Phosphorus. 


Under test : a few very rare cases of 
change due to ageing, which it is possible 
to prevent by care in manufacture of the 
metal, which should tend to limit gaseous 
inclusions : viz. oxygen, hydrogen and 
particularly nitrogen, and by taking steps 
which should prevent hardening and temp- 
ering; also some very rare cases of fragility 
resulting partly from chemical hetero- 
gencity due to very noticeable major segre- 
gation and in part to coarse crystalization 
arising from overheating of the metal; this 
last named cause of fragility not being 
restricted to Thomas steels, but certainly 
being common to all grades and qualities 
of steels. 

We have also drawn attention to the 
heterogeneity arising from use of heavy 
rolled sections and thick plates of large 
dimensions due to the use of heavy ingots 


* 
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(5 to 16 tons). Thus the engineer responsible 
for arranging the work will be warned and 
will decide the most suitable application 
indicated for each particular case. 

In brief and taken as a whole, the posi- 
tion is a reassuring one as regards the 
behaviour of the Thomas steels used in 
our riveted structures. 

It is on this optimistic opinion that we 
would take our stand in closing this enquiry, 
in spite of the fact that practical improy- 


SEPTEMBER 195 


ements in quality, where possible, are 
called for. 

May this synthesis that we have tried t 
make, based on the results of tests, help to 
solve the problems raised by the quality 
of materials and lead to more courageous 
and more perfect action in the reconstruc- 
tion of our unhappy country, which after 
4 years of oppression, should soon recover 
the normal course of its laborious destinies 
under the banner of victory and liberty. 


1 625 .13 | 


The calculation of the dimensions of 
1e masonry lining of a tunnel presupposes 
knowledge of the axial curve of its cross 
‘ction, as also of the pressures exerted by 


S surrounding earth. 
1 
‘In the case of tunnels excavated at a 


vallow depth below the free surface of 
re. soil, and where consequently the 
hole of the superincumbent soil is 
ipported by the lining, the theories 
ymicerning pressure of the earth are 
ifficient to determine the external forces 
a this lining. In this case, and on the 
articular assumption that the free surface 
r the soil is inclined transversely, the 
stribution of pressure on the lining is 
ymmetrical and therefore there is no 
sed to make a study of the general 
iaracter of the problem (*). 


When the tunnels are dug at a great 
‘pth, the determination of the pressures 
1 the masonry lining has been the 
bject of study and research by numerous 
ithors, who have assumed the soil to be 
ymogeneous, coherent or non-adhesive. 
this connection we refer to the studies 
’ RITTER, KOMMERELL and BIERBAUMER 
r the coherent soils, those of CORINI 
id our own writers for loose ground. 


(*) Cf. Ing Dario. Martini: «Le gallerie 
rietali », Ingegneria Ferroviaria, October 1946. 


~alculation of the dimensions of the masonry 
lining of tunnels, 


by Luigi LAMAGNA, 


Engineer, Professor at the Genoa University. 


The assumption of a homogeneous soil 
is necessary to enable the problem to be 
put in a simple form for purposes of 
calculation. According to the opinion 
generally held to-day, the external stresses 
on the lining may be simplified to consi- 
deration of the effect due to a mass of 
homogeneous material having a symme- 
trical cylindrical surface with reference to 
the axial vertical plan of the tunnel of 
which the generatrices are parallel to the 
said axis and of which the directrix is 
formed by a curve AHB and by two 
straight lines AD and BC inclined to the 


ido 


vertical (fig. 1) by aa The extre- 


mities A and B of the curve lie on the 
horizontal tangent at the key O, of the 
extrados of the masonry lining. 


According to the different authors that 
have worked on the problem, the curve 
AHB is either a parabola or a semi- 
ellipse, which actually differ very little, 
one from the other. 


The-rise O,H =f of the curve has 
different values in the different calcula- 
tions and according to whether the soil 
is coherent or not. 


When it is a question of a shallow tun- 
nel, but dug in ground where the’ free 
surface is horizontal, the curve AHB does 
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Fig. 1. 


not exist and one should treat the straight 
lines DA and CB as being continued up 
lLostherircessuriace: 


In these last two cases the effects on the 
lining as also the shape and dimensions 
of the latter, are symmetrical and problem 
of calculating them can be treated from 
a general aspect. 


The calculation of the dimensions of 
the tunnel lining supposing it to have 
been dug to a great depth, has already 
been considered in a treatise which 
appeared a number of years ago, but it 
is not complete and contains inaccuracies 
which induced us to review the problem 
and to publish the present note, the object 
of which is to provide the analytic cal- 
culation of the thicknesses of the lining 
of a tunnel dug at a great or at a lesser 
depth below the surface of the ground, 
on the assumption that the stresses on 
this lining are symmetrical. It may be 
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stated that the calculation can be made, 
based on known methods in the theory 
of elasticity; the proposed method has 
the advantage of using very simple for- 
mulae for resolution which make it 
possible to solve the problem quickly 
and readily. 


General statement of the problem. 


In general, the masonry linings of 
tunnels are designed so that we can 
examine the arch and the pillars separately. 
We shall accordingly start by considering 
the stability of the arch. 


Let us consider the equilibrium of the 
left-hand half and substitute for the other 
the reaction which this exerts on the part 
that is retained, such reaction can be 
represented by a horizontal pressure H, 
in view of the supposed symmetry, and 
by a moment Mo. 


Eo: 


} From the equations (6), we gather that : 


ee 


aeNZ * M2 
L= | ds + | ds - 
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The theory of the derived function of 
work gives us the following equations : 


dL 


Bite 4 n° 


(1) 


where L = the work of deformation of 
the demi-arch in question, is expressed 
by : 


ers 
Wires ds (2) 


symbols their usual 


EE a! 


giving the 
fication. 


signi- 


If, as is usual, we neglect the effect of 
the normal stress N and of the shearing 
stress T, the second member of the 
equation (2) is reduced to its second term 
alone; the equations (1) then become : 


oM Rr 
aMe 6 THe te 
ie NP Eye see ey 


If we plot the masonry lining on two 
axes X2V2, having their origin at the centre 


lof gravity O, of the section of the key 


BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


601 


and arranged as in figure 2, y> will be 
the ordinate of the centre of gravity of 
a particular section X; hence if we resolve 
the forces in to their vertical and hori- 
zontal components, the bending moment 
in section X will be : 


Ml == Miley mm, + 


Hy> | MN. Gig Mop (4) 
in which MM,, Wt, and Nt, are the moments, 
taken with respect to the centre of gravity 
of section X in question, the vertical and 
horizontal components of the stresses as 
also of the inherent weight of the masonry 
lining situated between the section X and 
the keystone. The signs of these moments 
will follow conventional practice. 


In deriving the condition (4) with 
respect to M, and to H, we have : 


and consequently the relations (3) be- 
come : 


(5) 


{equations which implicitly contain the parameters H and Mo and therefore serve to 
t determine them. . By referring to (4) and remembering that E is constant for the 
{| whole arch, we have finally : 


1 \ 
[ to Ha +, + My + My) ew | 


(6) 
Mo 4 


] 
| 7 Mo — Bn NG 


Mop) y2 G0 \ 


| the integrals being understood as extending over the whole left half of the arch. 
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| 
ds y2 c It Mo MG 
o\\ == —7 ds—| as 
an | no | jee J J | 
oT (6') 
I? f Why Moy y2 
al 2 ds le ds = | ” as | Te foc |e ae \ | 
Ap Al J 
and by writing simply : | 
= | 
” ds V2 ( 1, i Mo WG { 
= 5 == — ; = ly; ad = lo; O51 5 | 
| j Ins | ] ds Th; | ] as = lye J phy || | es 2p | 
a) y25 r Why * Wov2 i. Hes 2: | 
—ds = as ae d. =e | eh = Ih: =a, Se tee as =F 
\ ein ote i ia oa ery gee \ J 4 
the relations (6’) become : 
Molm —= HI, = I, — lig = Ipp 
(6"’) 
Mela == isi = Ws = 1 bes — ie 


j 
i 
In solving by KRAMER’s rule, by henceforward simply indicating by M the moment} 
at the keystone of the arch and by indicating as follows the different determinants toy 
be calculated, we get successively : 


Im I, 
igs | 
a Ibe | 
Mer is Ile I; Ipp Th 
eae a An ave 
| IS Vn i; hy Le ln 
Th I, In I, I, Typ 
h h 
aN i ; ‘ AN a Ne 
I m I |) Le 1 Yo I'pp 


i 
| 
| 
| 
| 
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and writing : 


Ne A™ 

== I, = IME phy ee 

A A 

fats a 
_” =H, bs 

A 
we finally get 
M = M, de Mo = Mop 
(7) 


H = H, + H, + Hyp 


{which show that one can take into account 
separately, in determining the parameters 
|M and H, the only vertical components, 
tthe only horizontal 
ifinally the inherent weight of the masonry, 
ja matter that is well known elsewhere 
jand which is expressed by the principle 


of the superimposition of the loads. 


components and 


In fact, the best way is to follow up 
this method which leads to a simpli- 
ication of the whdte of the calculations. 


Moreover, by working on these lines 


it is possible to treat in the same way, 
ithe different cases which are presented 
according to whether the action of hori- 
jizontal stresses or that of the inherent 


weight, or of both combined can be 
yeglected with respect to the vertical 
stresses. In the case of tunnels dug in 
soils of very irregular consistencies, hav- 
ng a very small internal angle of friction 9, 
the effect of horizontal stresses will 
nenerally speaking not be negligible with 
respect to the vertical loads; the contrary 
effect is observed if the angle ¢ is rela- 
sively large, the soil being more compact. 
The effect of the inherent weight will be 
hegligible or otherwise according to the 


height of the mass stressing the lining. 
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INE 
Mo ie = Mpp 
Al 
HG tay — ales 
The shapes of the arch normally 


employed are the basket handle curve 
for railway tunnels and the circular curve 
for road tunnels. As regards the cal- 
culations which we propose to develop, 
the basket handle curves can be treated 
with an approximately satisfactory method 
by semi-ellipses of which the major axis 
will be vertical or horizontal according to 
whether we have to deal with single or 
double line tracks, or even by using 
parabolic arcs. We shall consider there- 
fore, three cases, according to whether 
the axial curve is parabolic, elliptical or 
circular. 

The thickness of the lining is very often 
constant, but it may also vary, either 
continuously or in stages. We = shall 
consider the case of constant thickness 
and that of thickness with a continuous 
variation following the law : 
ds 
rr) 


these are the only ones allowing of a 
sufficiently simple analytical study. 

The relationship (8) can also be writ- 
ten :; 


4) == Us 


Se : ds J Re 
= —- = 14 
=) dx 
from which we deduce the law of variation 
of thicknesses : 
dy 


eat 1+| 


Z| (8), 
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One can plot the geometric features of 
the lining and of the curve delimiting the 
mass which operates along the systems 
of axes shown in figure 2, 1. e. 

System O» x2 yz for the directrix of the 
axial curve of the arch, 

System O; x; y, (axis yy == axis y2) for 
the directrix of the mass stressing the 
lining, 

System O; x y (coinciding with O; x; y4) 
for the directrix of the extrados of the 
arch. 

In addition we shall introduce the 
adjustable (or variable) coordinates &, 
4, and €~ for indicating the general 
features for plotting in the second or in 
the third system of coordinate axes. 


Finally let : 

S. be the half thickness of the arch at the 
keystone, 

yr be the specific gravity of the soil, 

‘Ym be the specific gravity of the masonry 
forming the arch. 


We shall demonstrate the numerous 
cases which may arise, from the simplest 
to the more complex (from the point of 
view of analytical development) following 
the order stated below : 


A. Surface tunnel (shallow ). 


1. Arch of variable thickness according 
to the relation (8). 


Axial curve of the arch : 

a) parabolic; 

b) elliptic; 

c) circular. 
2. Arch of constant thickness. 
Axial curve of the arch: 

a) parabolic; 
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b) elliptic; 


c) circular. 


B. Deep tunnel. 


Subdivisions 1 — 2, a, b and c as for 
case A. 


In order to shorten the calculations and 
to give the final results a sufficiently simple 
form and practical in application, we 
consider it opportune to introduce two 
simplifying hypotheses. The first consists 
in agreeing that the directrix of the 
extrados of the arch, which line forms the 
lower boundary of the loading mass, is 
always parabolic, even when the axial 
curve of this arch is elliptical or circular, 
which amounts to assuming that the roof 
which appears in the equation for the 
ellipse or the circle can be expanded into 
a series by the binomial theorem and that 
the expansion can be limited to the first 
two terms. From the practical point of 
view, this operation is always possible 
and does not introduce appreciable errors. 
The second, consists in agreeing that from 
the point of view alone of the inherent 
weight, the axial curve of the arch is 
always circular. We shall see that this 
allows of a considerable simplification of 
the calculations without however going 
beyond the normal limits for appro- 
ximation. 


A. Case of surface (or shallow) tunnel. 


In this case, the external stresses on the 
lining of the arch are represented (fig. 3) 
by : 


— Vertical stresses = weight of prism of | 


section D,;NMHM,N,C,0,D, (x 1). 
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— Horizontal stresses = pressure of the 
bank of earth of height D,N_ sur- 
charged by a mass of earth of height 
NEN == A Cx 

— Its inherent weight. 


1. General expression 
and particular expression for the 
moment MN). 


If we represent by : 
m=a®....--O) 


‘he equation for the curve of the extrados, 
referred to the system of axes origin- 
iting in O,, the height of the mass which 
stresses it at the point of the abscissa & 
S: 
) h+m 


ind the elementary stress corresponding 
o an element dé of this mass is : 


Yh + m)dé 
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The moment of this stress referred to the 
centre of gravity of a section X (fig. 3) 
Or the abscissacxs == x is-: 


dMy = Ys (h + 1) (x — 2)dé 


and that of all the stresses operating to 
the right of this section, referred to the 
same point, is : 


p 


2 
Mm = (hee pice —— 6 de 
| 0 
x2 x 
==> talk 5 oe m1 (x —&) dé} . . (10) 
0 


If, as we have stated, we agree that the 
directrix of the extrados of the arch is a 
parabola having a rise H; and a half 
chord L; and hence of the equation : 


sles 
Nie Fae Gicem tay ae eae (LOR) 
we get: 
x2 - 
My =r | A paeend! G2 (ey de 
Un) 
Yt > 4 
= apps ASE ed pees A oe ese, ENN 


If the equation for the axial curve of the 
arch is: 


er es (see fig. 8) 
ie F 
by writing : 
ay 
a= 
a2 


the expression found (11) takes the final 
form : 


. 
m, = 7a (6. fee kaya) pee CLA) 
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i 


Fig. 4. 


2. General expression and 
particular expression for the moment Mo. 


The horizontal stresses are formed as 
we have already stated, by the pressure 
exerted by the earth bank limited as to 
its upper portion by the horizontal passing 
through O, and hence of height H 
(fig. 4), subject to the surcharge of a 
mass of height h. 

Let us consider the two pressures 
separately, that of the bank of earth and 
that of the surcharge. The first at the 
generator depth z, amounts to : 


A 
(A+ 2) QW’2—z) dz=Y': 


O 


WG —— nile 


d 


Supposing moreover that here the extrados had a parabolic directrix whose equation) 
= ka,s* and if we observe the figure 4 which shows that : y’; = y2 + So. 


SS = Wie 


The expression (14) will then become : 


} 
Atl ese Worn sex? + ay (s - sp a. ; a2x6 | 
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F ? 
PASS [450 — Sy 


hence its pressure on a section of height dz 
ik 


| 
at (4s0— 2 as aa 


{ 
The second has a constant value given | 
by: 


i 


and if we add (12) and (13), we have : 
Y', (h + z) dz 


| 
@ | e\ 

2 CaS. | 2 2 on 
p tg 45° 5 Yh tg (4s 5 } 
and consequently on the section of 
height dz: 
v,h te2 [450 5 ae : (13) | 
€ | 
If we put : 
. | 
Y, tg? [45° Baa) sai Yl} \ 


The elementary moment referred to the} 
centre of gravity of the section X is: 


dM, = Y's (4 + z) O'2— 2) dz 


and the moment of all the horizontal} 
pressures acting to the right of section X! 
with respect to the centre of gravity of] 
this section : 


ys 


: dah 


Cee fuente 


. (140) 
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3. General expression for moment Mp. 


By calling the thickness of the lining at the particular abscissa £ by the symbol 2s¢, 
the weight of an element ds of this lining is : 


2 Ym Sz ds 
its moment with reference to the centre of gravity of section X is then : 
ENG Ven OG) ds 
and that of the whole section of the lining to the right of X : 


x 
Wop c= | Sz (x eed &) ds 


O 
and as moreover : 


5 Rae 
as= 1 +( 3 dé 
dé 
it follows that: 
- [any 
ies == a) Se(x Eco aE + lea dé SP Re Ds Cede a (15) 
a) 


As we are aware of the function sz (law governing the variation of the thickness) and 
2 = y2 (&) (equation for the axial curve of the arch), we possess all the necessary 
elements for calculating this moment. In the particular case of constant thickness 
and equal to 2 so, the relationship (15) becomes : 


: [any 
Mp = ra | ea jeden [res maeee 2 es 
0 
and where the thickness varies according to the law expressed in equation (8), we 
should have in virtue of (8’) : 
x 242 
; ¢ dy» 3 ¢ i 
Wie = Dons (x a a) l + dé dé pe ee eet veal benmce (15 ) 
0 


We have already drawn attention to the fact that the effect of the inherent weight 
is generally very weak compared with that of the other vertical forces, so that it 
appears to be useless for all practical needs to calculate the integrals which are found 
‘in equations (15’) and (15). 

Thus in the case of the arch of variable thickness, we can introduce a mean 
‘thickness of 2 sm; equation (15’’) will then take the form : 


Mi an dy>\2 
My = Ban @ ay ne dé e aa oh 1D (iam) 
0 
of the same pattern as (15’). 


3 
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We now see that the integral, which 
appears in this expression, is the static 
moment of the axial curve between the 
abscissae O and x, with respect to the 
vertical passing through the point of 
intersection. We may suppose that for 
purpose of calculation, that as we have 
stated, this curve is always circular; 
hence its static moment (fig. 5) amounts 


i@ & 
R(R=y Re) 


it) =D) WR GE 


where : 
R = radius of the circumference, 


AB = 2 Ra, the development of the 
arc of angle at centre 2 a, 


Rae 
OG = —sin « 
a 


ia 
= SN ee 
a 


GM == x —_ GN = = — 


Sina ee 
R 


Fig. 5. 
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for x = O, we have likewise « = O and 


4 


hénce m =O and for x= R44 = 


and as a result m = 0.57 R2. 


Now let us consider the segment A,B, 
normal to OA and equal in length to x, 


Its static moment with reference to the 
extremity B, of abscissa x is 0.50 x2 and 
when the segment has the same length as 
the radius of the circumference, this value 
becomes 0.50 R2. Hence, in the case of | 
the tunnel linings, the ratio between the 
rise and the half chord of the arch does — 
not differ greatly from unity and conse- 
quently, one can take it by approximation 
as equal to 1. In these conditions, when x 
varies from 0 to R, the static moment 
above this varies from 0 to 0.57 R2. 
That of segment A,B, varies in the same 
way from 0 to 0.50 R? and their ratio 
always varies by the same amount of | 
to 1.14. One can therefore, without | 
committing too great an error, agree to 
a mean value of this ratio at 1.07. In 
other words, on the average, the static 
moment of the portion of the arc AB 
with respect to its extremity B of the 
abscissa x is equal to 1.07 times the 


| 
| 
: 


moment of a _ horizontal segment of 
length x. | 
We may therefore write : | 
2 
Hives — 2 Ve So. 1.07 2 | 
» 
==) 11017/ Vea So x2 (16a) 


for the case of constant thickness, and : 


x2 
Mop = 2 Ve Sm . 1.07 ose 


== L0H Vow Sm x2 


(16,/) 
for the case of variable thickness. 
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B. Case of deep tunnel. 


In this case the external stresses on the 


| lining of the arch are shown in figure 6 : 


— vertical stresses = weight of the prism 
| of section D, NMH M, Ny CA O; 
D, (x L). 


— horizontal stresses = pressure of the 
earth bank of height D,N subject to 
the surcharge of the mass of earth of 
section A N M (x 1). 


| — its inherent weight. 


1. General expression 
and particular expression of moment Wh. 


We assume that the directrix curve of 
the surface, which limits the mass (A M 
H M, B) acting on the arch is a parabola, 
and we call its rise f- 
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On the other hand let : 


/ be the semi-chord of this parabola and L, 
be the semi-chord of the curve of the 
extrados of the lining. 


The equation of the parabola A M H 
M, Bj, referred to the axes arranged as 
shown in the figure is : 


va fa = fmm Git 


by calling the particular abscissa — and 
putting : 


As in other respects the equation of the 
curve of the extrados is : 


as a result of equation (10’), we get : 
ne Mi or I ==) 6A 


The elementary charge corresponding to 
an element dz of the mass is : 


¥: [f+ (a —a) &] a& 


The moment of the loads acting on the 
right of section X (fig. 6), referred to the 
centre of gravity of this section, is: 


pe 


35 
= vx | (f(a —2) 27] (4 5) ee 


O 


ae 5 [6 fx2 + (a, — a)x4] 


and if we finally put : 


(Bh = 185 


a? 


a 
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Ga a === [Gsfeve a Kqcap 4) eae eee le) 
an expression which is perfectly analogous 
to (11,) both in form and as regards its 
meaning. 


2. General expression 
and particular expression for moment Mo. 


The horizontal stresses are produced as 
we have already stated, by the pressure 
exerted by the earth bank limited to its 
upper part by the horizontal lead through 
O, and thus of a height H (fig. 7), subject 
to the surcharge from the mass of sec- 
tion AM N. 

Similar considerations to those, which 
we have developed in dealing with case A, 
give us for the pressure on an element dz 
at the depth z below the horizontal 
through O, : 

Y', (A+ z) dz 


where : 


Y= 7%: tg? (450 — = ; 


[2 


Hence, the moment YW. given by : | 
| 


ie ) 
h= MN = (1-2) | 


3 


and assuming that one might assimilate yy | 
and y, that y,; needs not be distinguished ! 
from y2 and by putting y’7 = y2 + So as: 
was done in case A, we get: 


Aa vice ae y'3\| 
tte = [hy’on — 7 + yt — 2] 


| 
IM = kf hsax? ain as ae a 


2 ; 
a 5 ao'ss So al Mee Mee tae te (148)! 


exactly as in the preceding case, except asi 
regards the meaning of h. 


“ 
. 


' 
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3. General and particular expressions for moment Mpp. 
Here we can repeat what we have said in respect to case A; so that we have : 
Wp = 1.07 Ymsox2 for the arch of constant thickness (16g); 
Mop = 1.07 YmSmx2 for the arch of variable thickness (16’p). 


We must now consider the different cases which arise when the thickness of the 
arch is variable or constant and according to the shape of the axial curve, as indicated 
above. 


1. Arch of variable thickness according to law (8). 


ds dx 
In the integrals which appear in equations (6) the fraction 7 becomes ae and 


as Jo is constant and common to all the terms, we can omit it. 


The different integrals to be calculated are then reduced to the following : 


fax =Imn {yndx = lon 
vod == Ty Niearnl 7 
{UG = I, JMGyodx =I’, 
(Gabe a hy JMuyedx = I's 
[Mopdx = pp JMopy2dx = V'np 


a) Arch with parabolic axial curve. 


The equation of the axial curve, referred to axes arranged as in figure 8, is : 
Hy 


2 _ X 2 = AX? 
z 2 


Expression of the different integrals I: 


Ly 
fee = dx — L, 

oO 

ly HL 
Il, = yodx = 

oO 

L, 
I —- Wdx 
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a 


Vt 2) 
A=—LA2h+k — 
Case i | “- ry 


x, H 
Case B= eu ft+k 7 | 


5 | 
L | 
hy == Wied = Y':kL2H2|— + |5 + = + H,2 
a 5 5) pibogs 21 | 
L, L33 
Ipp = Mppdx = MOU Ga Sie seep 
0 
iia HoL3 
n= yodx = 
Ly HL 
, = y22dx = ote 
re) 
L 
I’, = Myy2dx 
v7) 
Ney 6h H> 
Gase A= = -HoL34 
ae i ss - 
vt 6f H> 
CaseBae — Hold =a kk, -— 
Dp? {2 + ky 2 
i Bes 
hso h H> 2 
lo = Mayade = YkHaL2 | oO H>2 
ae wetaLae PS + [s+ 5) 9 + 3 Het 


Ly 

L,? 

1s = Mapy2dx = 1.07Y mSmH 2 S58 
Oo 


It will be noticed that all the integrals I are divisible by L> and all the integrals’ 
by HL. 

Knowing the values of I and I’, the problem is now completely solved and t 
determination of the moment and of the thrusts depends solely on solving systems 
linear equations with two unknown quantities. 


Having in the meantime been given the very simple form of the final results we 
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think it well to reproduce them below : 


Case A: 
1 
Mp ey ft 2 
ET ari ac 
H eyes Th + KH) 
Ge inet a 
MT 3 vik? a Zs 4 4" 
=> =| So = —= 
jhe seid | fy al oe (17h) 
Fee 1S ya hs, Peete | 2 a 
o= t 150) 36 So > 2 63 2 
Mpp = 0 
fr Sis 
Hp ee. OF z 
a2 
Case B: 
M Y,k,H>L,2 
ee arry Cale: 
L,2 
lak == 16 f; k,H 
14H, 1H) 
rtf Na 
DERI ae Se oN orgs (175) 
1 2 h 2 
SIRT Seema te EU, wee TL 2 
H. 15Y'| hs +t: | at 2 
Myp = 0 
YmSin 
He 1.07 
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b) Arch with axial elliptic curve. 


The equation for the axial curve of the arch, referred to the axes x y2 as shown in 


figure; seis: 
aaa 
a= HI SNe ea, deen eh ee Ae 6 (18) 


By introducing the eccentricity of the ellipse given by 


» late 
e2 = ape fi La E, 
equation (18) then reads : 
ease Cue eee 
1 eat | ee Ree age" 
V2 2\ J | (18") 
; bene He? 12 
if on the other hand L, < Hb, the eccentricity is : e2? = a 
2 


so that equation (18) becomes : 


L, ie 
Yo eee ee ee 
yall = e2 L»2 


By grouping (18’) and (18) to form a single expression, we can write 


é 
y2 = LAU — at —! — 2 eee (19) 


be agreeing to use the higher or lower index according to whether Lz = Ho. 


For the moments 21%, Wo, Mbp, apply also the expressions (11,4), (11g), (144), (148), 
(16,4), (16g), (16, — g) which have already been seen. 


The integrals I and I’ are given by : 


L2 
I, =| yodx = L,(1 — e2)*#(L, — 0,) 
O 


If, == 
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y 
case A = —— Ls(2 h+tk 


r 
case B = 7m Li(2 f+ iene 
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Ly hSo 
Ib = Wuodx == YKH2L» 3 
O 


Ly lees 
Top = Mppdx = ILO TN GeSoa 5 
| @ 


Ly 


Tere aie ydix = T5212) t = =| 
O 


Ve +4 | 
. = Ab 2) = Fi} 
case A D L,4(1 -e ) i( 


Yt +4 fol 0, : f 
= —1,4(1 — e2) +? See ek Hoe 
ety ee e2) o/( =) 1H | 


Ly 
l'o -| Moyrdx = kY' HL °C 
O 


L, a 4 
I'pp = Mopy2dx = 1.07% mSmL24(1 — e2)~*|- — 


be Tee eee eg 
te oe Bo 2°(1 — e2) ceca . 


ntt|, (1 2 
— e2) ce 


i os 
vie 
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writing : 


The integrals D) D, D4 Dg are readily calculated, by putting : 
x2 
a sin 
ie i 


from which 


—— 
y eee cos o and dx = L» cos doe 


L,? 


TT 
The arcs 0, ei correspond to the limits of integration 0, LL». 


Thus, we shall get 


Do = Lo cos? ode = ty L, 
‘i 4 
(ene, 
2 ; x 
®,=L3| cos? @ sin? odp = 16 L,? 
(rT 
2 , It 
®,=L,5| cos? o sin4 odp = — LS 
P 32 
“T 
2 5m 
@, = L,7| ° cos2 © sin® odo = — Lot 
a Pap 156 2 
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a ee ene ee = 
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Taking into account these values and noting that the expressions for I are all divisible 
dy Lz and those for I’ by Lz2 (1 — e2)t? we get: 


Case A: 


. 
_ == at L°(2.5769 h — 0.4518 kH>) | 


he 


dy = Y:L2(0.6573 h + 0.0985 kHz) (1 — e2) * 


h 
Mo = — 0.0522y':kH, hs. — Hal — ‘) — He 
(20,) 
H> h ; 5 Fs 
ln es L 1.310 hs. + 1.178 Ho} so + 5 + 0.678 H>2\(1 — e2) 
2; 
vip SE 0.06145+msimL 2? 
Seige =e 
| (Case IB 8 
Yt 
Ay = — —L,2(2.5769 f— 0.4518 k,H>) 
100 
1, = YL, [0.6573 f + 0.0985 k,H2] 1 — e2)/® 
if h H h H 2 
a (10522 tkH> So —— £19! So =e 5) = oly | (20g) 


h : 
me — YK = 1.310 Iso + Lars, a | + 0,678 He =) 


iD 


i> — 0.06145 ms5mL 22 


| 


bo} 


b 


pp = 1.3916 YmSmlo(1 — 2)” 


sing the convention that the upper (+) signs refer to the ellipse in which L, > H) 
ad the lower (—) signs to those where Lz < Hp. 


2 Sep 
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c) Arch with circular axial curve. 


The formulae for solving the case of the circular arch can be deduced directly from 
the foregoing by putting e — 0. 

In this way, we shall obtain two groups of formulae analagous to the formulae 
(20a) and (20g), in which the term (1 — e2)*% will not appear. | 

2. Arch of constant thickness. | 

In the terms referring to the relations (6’), the divisor J is constant and can therefore 
be eliminated. 


Knowing moreover that : 


d = - Fal d 
Ses Die X 


the integrals I and I’ take the form : 


Lon eee Nh Pe STS 
2 dy\2 2 \2 
ia |! a (2) dx — veal! ie 
i dx . \dx 


Lo L, a 
I, — My/| ain ed dx 1 = Maral a eee d. 
0 by 0 bs 
L, L 
2 dv\> 2, 
Le Toa] i (i Pt i Morr4/ 14. (Meg 
0 dx A x: 
L, ee il, —— 
ay 2 
I, = | Moos] = (i Pa lier == Monyar/ + ey Ix 
7) dx 0 dx 


We shall still examine here the three cases corresponding to the parabolic, elliptic. 
and circular directrix, as also those referred to above as cases A and B concernin 
the surface and deep tunnels. 


—_—— - 
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a) Arch with axial parabolic curve. 
The equation of the axial curve, referred 


oO coordinate axes as seen in figure 9, as 
ve have already seen, is : 


herefore : 


ind 


ds=V1 + 4ar2x?2 dx 


The integrals I and I’ become then : Fig. 9. 
i —s ds = V/1 a 4ay2x2 dx — Wem 
7) J 0 


flv L, ee ee 
i = | yods = ar XoV1 + 4ap2x2 dx = a¥, 


L, 
Il, = YWGds = 
oO 


+ 

case A = a5 (6hY + ank Ys) 
Yt 

case B = a (6f V2 + ark, ‘V'4) 


h 2 
l= Gd = Yank is¥2 =F as, == 3 Wen + BG 


O 


L2 
Lae Mopds = 1.07 ymS0 


oO 
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Lz 
lone yods = az't'z 
I | 
= yds = ay? V4 | 
Je 
| 
Hep | 
Wes — Whyyods an 
| 
7 | 
case A = a ar(6hV'4 + ark Y’6) 
{ 
NG 
case B = ib ar(6f V4 + ark; t’e) 
| 
L, h y i 
13 = Moyods = Y'1a77k ise ~- az So — 2 bt + z02 Es | 
(6) i 
L2 
l= Wopy2ds = 1.07% mSoao V4 
0 
in which : 
Ly 
Y= V1 + 4a,2x2dx 
O 


og cep <0 ere ey pie: ane eli fof™ vo.) Jems Ares Teme) 


x84/1 + 4ay2x2dx 
0 


Y's 


I 


It will again be noted that all the integrals I’ are divisible by the factor ap. 


As has been done for the preceding cases, we give the formulae for solving th 
calculation for M and H. 


L2 
Y= x24/1 + 4a52x2dx 
0 
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Case A: 


2 
ae Yr ey (‘¥'4) Yo 6 
12 (‘Y2)2 — Pos 


ine == 


if *" ee aimee 
|? ap (¥3)2 ae <A 


Mo, = va2hls | sir Ree aa ee el 


2 C¥,)2 LPs Pes 3° 0P,) ES a 
p 2 p p ‘ & . 5 (21 ) 
. ‘3k = vl sh — a ! sie boo a ome ies ete A 
Di Ci pated (bane eSe CLD) gig 
) Mop = 0 
e107 0” 
| a2 
Case B: 
a4 2 
M, — d ra 4) Zoe 
Ls Go ta 
a, = if [22 Se ees ee 
; 12 | a aay? ST h, 
ACEP —Vr¥s 2. Vs ¥o— Wr 
M, = veh | ‘ a 2 OM oy pe ee ae 
24 5)2 = Vo 4) 3° (CP 2)2 — Yok 4 
y 
INPot se 2 Vols — Vo Vc (218) 
Ho, = {' k| soh — a)| So | = Anz - 
2IC¥>)2 — Pos, 3° (¥2)? — Pos 
Mp = 9 
YmSo 
Pr 107 
a2 


The integrals VY are easily dealt with by making them rational by putting : 


V/1 a 4a>?x? = 2a2x + ft 
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Writing in addition : 


ao =2—;n=—a4+vl142 


Substituting, an easy but laborious matter, we get : 


L> n2 ] L> 
Yo = — | 210g = A 
0 4a | 2 at a nae 
L>3 n2 1 L,3 
Y, = ——_|— —-+ log, n + —|=—— A 
2 a5| 4 + 2loge n zal eye 
L>> no nt n2 1 1 1 LS 
Y= 2 ! — 4loge n— ! — p} N 
1024a5 6 D, ”) 2n2 Ind 6no re 
ee L3! n8 ee 2n® ji Gl 
6 1638407 8 Ne ee EN 
2 1 2 ihe 1 
z iD aa 4 a =z A6 
n n 3n® 8n8 16384a7 
eee, we m0) 38 Be ta d 
Sarr sTPTMIME ST Uey Cage Gee co 
Vf y 133 3 ] lee 
Ae 32 4 = | = r 
TO 10n10 | 26214409 ° 8 
And again : 


[) (Ag)? Aa AG 
(4a)4 (Az)? — AoAy 


1 ApAg—AoAg 


==) ill 
(4a)? (Ao?) — AnAy 
eG fii 
(4x)6 (Az)? — AgAg 
AgAg — AvA 
_ AoAs DOO em 


(4a)4 (Ay)? — AnAg .% 
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by making the necessary calculations, we get : 


Case A: 
", 
M, = i kKH>L»2 I 
Yt L,? 
H, = pea (6h —kH, Il) 
/ 2 
M. = TH ae H) To2HeHIt 
yn ae 
, ‘ 1A), 
Hoek hs = Hs 4 ; Dene 3H IV] 
te, Siyees 
a: 
- Case B: 
“ 
v= ct lgHols2 I 
) eae 
) h 2 
Mo == Y'kH,2 [- a | I are ul 
| (213) 


r 


h 2 
H. a Y'k is — Hs 4 | II — Ane Iv] 


| Mpp = 0 


YmSo 


Bee .07 
az 


| The quantities I, II, II and IV are functions of the only variable «, i. e. of the 
‘atio between the rise and the chord of the arch and can be calculated by developing 
he expressions found beforehand. 
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The calculations are most laborious and the results are given in the ensuing 
tables. 


We have taken values of « varying by steps of 0.10 from a; = 1.50 to a4 = 2.80. 


of | 1.50 | 1.60 


I 0.01525 0.01542 0.01558 0.01574 0.01590 0.01605 0.01622 
II 0.1770 0.1780 0.1788 0.1796 0.1805 0.1813 0.1818 
Ill 0.002711 0.002741 0.002780 0.002820 0.002860 0.002900 0.002939 
IV 0.03615 0.03618 0.03621 0.03624 0.03628 0.03632 0.03636 


2.20 | 2.30 | 2.40 2.50 : 2.70 2.80 


0.01638 0.01655 0.01672 0.01689 0.01705 0.01719 0.01733 
0.1823 0.1827 0.1831 0.1834 0.1836 0.1837 0.1838 
0.002978 0.003017 0.003056 0.003095 0.003134 0.003173 0.003212 
0.03641 0.03645 0.03649 0.03654 0.03659 0.03663 0.03666 


b) Arch with elliptic axial curve. 


The equation of the axial curve can still be obtained from (19) : 


: 2 
py = 15 1 ee ieee as pee 
( Up “ 


whence : 


and 


taking bez == 1 (ee) al 


SEPTEMBER 1951 BULLETIN OF THE INT. RAILWAY CONGRESS ASSOCIATION 


The integrals I and I’ are then: 


(this integral represents the evolution of a quarter of ellipse) : 


aby ee Or 
I, = y2ods = Ly (1i— 2)” (a, — =| 
Ly 
J 0 
Ly 
Ibs = Woods — 
0 


1 
case A = i (6hQ, + ark Q4) 


mM 
case B = an (6f Qs + ark Q4) 


Ly ; h 2 
ao. = NGds = Yeka, so + ax {So + ; Og + Ae 
| to) 


“Lo on 
iMGa7e c= MOT sols 
O 


Ipp = 


St or, 
ods =. a(1e— 22)" [2.— 
% 2 


Ni = 


cy 


ly 4 Opa: 
tL, = y22ds = L27(1 — e?)*? 2 (0, — |- = 


L2 
= Moyyods = 


/ 


9 


; Q OF 
case A = oo L(1 — e2)*# “6h (on — 7? L ak fo, 7 ‘all 


/ 


aes es » #4] ¢ Opa 
case B = e L,(1 — e?) /( ae 


L,/ 


Q'4\ 


QO 
+ ak 2-4 
2 2 | 12} 
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626 
“ +3 Q"5 
O 2 
h OQ", OF 
ay) 8 + x4 Q SE os KO ye. ee | 
; ° il : a : | cael ies 
L, QO’; 
V'pp < Mapyods = 1.07YmSo QQ, — —— 
0 Ly 
if we write : 
L> ike 
mi Ds yh) i. 50) eee 
OF = V” E*xX Oe — 4/ Ly? 1x e2x2dx 
Jo Le = x? , 
Le [eee ("Ly 
= x2 oe dx QoS x24/L2 — 22x2dx 
a eee ; 
L, Py (Pe) (Lo “7 = ae 
ca v2 : ; Q'6 = x64/L 2 — 22x2dx 
0 L* — x2 ee 


The integrals Q and ©’ now have to be 
which fall into the elliptical integral class, 


calculated. To calculate the integrals Q 
it will be noted that : 


©) 
| ——-x 
ee — 2x2 a! L,? 
L,2 — 52 1 x2 
Ly 
and putting : 
x2 
—— = sin 
wy 
whence : 
dx = Ly cospdp 
and 
=) 
neagiee a 
~— dx =1nV 1— & sine do 
(es 
L,? 
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and consequently : 


2 


Qo = L, V1 = & sin2p de 


Q, = L3 sin V1 — 22 sin2e do 
0 


(RCT: 


2 


Q, = L,5 sinto V1 — 22 sin2e do 
0 


Oe—= L5? sindo V1 —e2 sin2p do 
a) 


vu 


By developing the radical by expanding the square root term, which appears in 
all the integrals according to the binomial formula, restricting oneself to the first three 
terms, which is more than enough, and in making the easy calculations, we get : 


2) 3 4 
% =F 11S — = \- 1.5708 Ly Bo 
: T 362 564 
Oe ee as — 0.7854 L33 B 
2 4 “| 8 64 p) 2, 


= 0.5890 L3 By 
12 384 


ee t Te2 63e4 


64 640 


| 

) 

37 ( 5e2 3564 
pees 

| = 0.4909 L? Be 

/ 


‘indicating by Bo, By, By, Bs, the functions of ¢ shown in brakets. 
The integrals ’ can be calculated as follows : 


Since : 


—— e2 
/ L?2 — 2x2 = Lali a L2 x2 


>2 Py) 
ive put : = x2 = sin? » (this being permissible, given that 12 x2<1) 
oD 


— 
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L2 
we then have dx = as cose de 


whence : 
= cose do | 
€ O | 
L[? 
OK = eet sine cos2p do 
AN 
L [? : 
2 
OG= = sintp cosp dp 
€ O : 


By easy substitutions we then get : 


2 1y2 
OO = —*" fare. sine + 24/1 — 22) = 2 B’o 
2e a 


Tw 

Leen 
Oe eS | sin’o cos’p do 
' 
| 


ee ee 
Oe ee arc. sine — e4/1 — «2 + 2634/1 — ie 
re ; sass a 
OP 3 arc. sine — 3e/1 — «2 —2 234/71] — €2 
485 
enews Is 
yl 2 ae ' 
gc at 2) ee 
L,8 pee 3H 
eee ine .— A eee 
OC mals arc. sine NS 284/a) cere 


pens aie ANS STA 
10 e4/1— & = Bet hee eee B! 
J vine + Bev BO Bi 


the sense of the symbols B’9, B’>, B’4 and B’s being obvious. 


In the present case, there is no need to determine the formulae for final solutions 
giving the values for M and H; it would appear to be simpler and more suitable to 
determine the values of integrals I and I’ from where one can then get the parameters 
mentioned above. 
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We would point out that the values given for the various integrals I are all divisible 
yy L, and the integrals I’ by Ly? (1 — e?)+2 which, as can easily be seen, will not affect 
he values of M and H. 


We then get : 
GasewAn: 


Lo 1 

p =| (1—22)** (By — By) 
T I 

( 7 YL 22 (i == 8 H»kKBy, 


Bere ie Bem Trl ee By a FB 
i aig Me OS cata 21 So 5 Co eee a ma 


TG; 
~p = 1.07 de YmSoL2?B 


I * 29.) 
m = — (Bo — B'o) ey 
2 
: fait Bo F 
ie 2 tee) 67 BG aoe teat B 


tO 


‘eH, |hsd= B 
0 —— ‘rk 2 a Qe 


a Bde B’y 
pp = 1.07 Y mSoL? 4 Bo = 8 e2 


’ 
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Case B 
T 
In ae oy Bo 
L, st 
Mail E) * (By Bo) 


i 
— > TAS By + ¢ HokiBy 


8) 
ly = ed Y:kKH> hsoB a = H> So + 
4 4 2 


h 3) 

Sy Te 
Joa 3 2 ‘ 
i — Ile Oi = 4 ee eR 


1 (22p) | 
Cn > (7tBo = B’o) B : 


al B> ; 
In = L,(1 — e2)*? E By — — —B'p 


4 
NG B’5 3 | 
pees gr eS nays B 
less | Ba 3) 4 ; see - aa 
kH,|/ i B’> ni h\| 3x B’4 4 
a = i afi" D 822 + abe lara 4 484 
3 B's 
Heap ee 
a Az e acs) 


Tw B, 
I -_ 2 |e = = 
I pp = 1.077mSoL2 F By as | 


It did not seem desirable to give a table of numerical values of B and B’, 
functions of <, on account of the large number of values of ¢ which would ee a | 
be considered. | 
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¢) Arch with circular axial curve. 


In this case the expressions for I and I’ can be taken directly from equations (22,) 
and (22s) by making : 


In that case, we get : 


B= 25) 

By) 1 

if Be2 “Ss 3 
ee al 
ia A8e4 es 
Bre ee 
576 <6 Pa 


Tt is then easy to calculate the values of M and of H, which we give hereafter : 


CaseA: 


: 
7: = L12(4.6427h + 0.4356kH)>) 


q, = ¥:L(0.5601h + 0.10KH>) 


ae h 
— a kt (9.3282hs, of 5.220384 5 a Ss 6.1865H 
(23,4) 
Hy |. h 
= Yk L 1.1202hs5o + 1.1759H>} 50 + 5 + 0.7599H,2 
2 


Upp = 0.09949 msoL 2 


Ipp == 1 e 1 9857 mSoL2 


5 
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Case B: 
Yt 
My = a5 1a? (4.6427 f + 0.4356k Ho) | 


H, = Y:L2 (0.5601 f + 0.10k,H2) 


a h 
Mo oe 2 Jes 19.3282hsp = 5. 2203ELon sa ee ORO OE Ts? 
100 | s 2 f a | 2 (235) 


H } 
ih | 1.1202hs + 1.1759H; [ - + 0.75991 


2 


Mop = 0.099497 mSoL >? 


Hyp = it ° 1985YmSoL2 


ae ee 


Numerical application. 


We shall give a practical application of the formulae arrived at, in particular off 
the equations (20g), the case of the elliptic arch of variable thickness. 


We assume that we have the lining shown in figure 10, for which : 


So = 0.40 
ye = EY 
Sm = 0.46 
ou 20° 


tg? [ase —*| — 0.49 


NP a 2 000 kg/me 


vy’: = 2 000 x 0.49 = 980 kg/mc 


eae 
h = 18.00 t =: = - 15.90 m 


2 
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Be H, . 4.18 ya 
see ee 002 taal 
H> 3.82 Wa 
4 
a fe Gy 
th 18 
C= = —= (5193 
[2 9.662 
[ee S783 
a2 
Bee NOE 
a 
As on the other hand : 
Ly < H2 
we have : 
3.822 — 3.302 
Da == O2527) 
3.822 
Ge e2)2 = 0.8639 
We will therefore get : 
2 000 
M, = Tae ii. x 3.302 (2.5769 «x 18 — 0.4518 x 0.231 x 3.82) = — 10015.65 


H, = 2000 x 3.30 (0.6573 x 18 + 0.0985 x 0.231 x 3.82) x 0.8639 = + 67954.00 


M, = — 0.0522 x 980 x 0.783 x 3.82 (15.90 x 0.40 — 3.82 x 7.95 — 3.822) = 
= + 6140.23 


3.82 
H, = 980 x 0.783 x 5 (1.31 x 15.90 x 0.40 + 1.178 x 3.82 x 7.95 + 0.678 
x 3.822) x 0.8639 = -+ 42817.00 


Mpp = — 0.06145 x 2 000 x 0.46 x 3.302 = — 615.65 
Hpp = 1.3916 x 2 000 x 0.46 x 3.30 x 0.8639 = + 3649.00 
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We then find : 
Miotat = My + Mo + Mpp = — 4491.07 kgm 
Hiotal = Hy Ho Hopp — + 114 420 kg 
GC = 18.60 kg/cm? 


The calculation by the ordinary methods leads (see DesIMON, vol. I, example VI) 
to the following results : 


M = — 7 837 kgm 


Fi Z U0 SKS 


and it follows that : o = 17.60 kg/cm2. 


It will be seen that with our formulae, we get a higher pressure, but more} 
centralized, whereas the maxima stresses are fairly concordant. 


In other examples of calculation which we have had occasion to develop, we had 
confirmation of the same results. 


| 
| 
j 
| 
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Freight cars. — Repair, rebuild or buy new?, 


by William Wyer,* 


(From the Railway Age.) 


With the advent of the forty-hour week 
and the first serious decline in the volume 


fof railway traffic since the war, railroad 


managements are redoubling their efforts 
to effect every possible economy in the 
operation of their properties. 

The economics of freight car vepairs 
offers a fertile field for profitable research 


and analysis, particularly as to the choice 


between a major repair or rebuilding 
operation and the purchase of a new car. 
The subject is particularly timely right 
now because the 40-hr. week has increased 


-all freight car labor repair costs by 20 %, 


while for the time being at least freight 


car builders have not experienced any cor- 
responding increase in costs. 


Prior studies of this question have shown 


consistently that repair costs increase sub- 


stantially as cars grow older, and conclu- 
sions have been reached that the eco- 
nomical point at which an old car should 
be replaced with a new one may vary 


between 15 and 30 years, depending upon 


many factors such as the type of car, its 


design, its usage, the maintenance policy of 


the owning carrier, or the proportion of 
its time on home lines. 


While undoubtedly sound, these conclu- 
sions are not particularly helpful to the 
individual railroad facing a specific deci- 
sion as to whether it should repair or retire 
an existing car. The application of some 
general rule-of-thumb based upon averages 
does not necessarily give it the right answer 
for its immediate problem. In contrast, 
what is here presented is a procedure or 
formula whereby the individual road can 
make the proper determinations based 


upon all pertinent factors and feel reason- 
ably sure that it is doing the most eco- 
nomical thing. 


An adaptable formula. 


The formula is one which can be adapted 
to the basic maintenance policy of each 
individual road. Many roads, for example, 
believe in giving their freight cars general 
overhaulings at intervals of five to eight 
years, depending upon the condition of 
the individual cars at times when they are 
at home. Others keep their cars going by 
means of light or heavy running repairs 
until such time as the entire series seems 
in need of general rebuilding. ‘This usually 
occurs sometime between the fifteenth and 
twentieth year of the car’s life and is a 
substantially more costly job than the 
periodic general overhaulings. 

A determination of the economics of 
replacing old cars with new would appear 
to become appropriate at the time of the 
third general overhaul to an_ existing 
freight car, or, if the road contemplates 
general rebuilding at some point between 
15 and 20 years of age, before undertaking 
such rebuilding. 


One side of our equation should reflect 
the annual cost over the reasonably forsee- 
able future of owning and maintaining the 
existing car. The other side should show 
the annual cost over a similar period of 
owning and maintaining a new car. 


Where policy favors the general over- 
haul method, the information needed to 
establish the annual cost of owning and 
maintaining the old car is as follows : 


(*) Consulting engineer. 


Formerly (1943-47) chief executive officer, Central of New Jersey. 
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1) Cost of general repairs immediately 
necessary. — This should be the result of 
an actual survey of the car by supervisory 
officers at the shop where the work would 
be done. The estimate should include all 
charges to Account 314, Freight Train Car 
Repairs, including shop and store expense, 
together with any charges to capital account 
immediately or subsequently necessary to 
keep the car in service over its contem- 
plated future life. This would include 
such items as AB brakes. Applicable pay- 
roll taxes should be added to all labor. 


Company freight on material used should 
be added to the cost on an estimated out- 


of-pocket basis. A percentage should be 
added to all costs representing the com- 
pany’s experience with respect to personal 
injuries in freight car repairs or in the 
mechanical department as a whole. 

The description of general repairs set 
forth above does not include all of the 
items properly allocable to the cost of 
repairing freight cars, such as supervision, 
repairs to shops and power plants, repairs 
to machinery, stationery and printing, 
depreciation, etc. In setting up this item 
in the formula, however, as well as all 
other similar items, we have tried to follow 
the principle of including only such costs 
as will be clearly and directly affected by 
the decisions resulting from this study. If 
in any case costs other than those here 
designated would be affected, it would be 
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not only propér but necessary to take them 
into consideration. 


2) The probable life before the next 
succeeding general repair. — This estimate 
should be based upon actual experience of 
the company in question as to the life 
between the third and fourth general over- 
haulings on this or similar types of cars. 


3) The annual amount of general repairs 
chargeable to the cost of maintaining the 
existing car in service is (a) the average 
annual amount of the contemplated expen- 


diture, spread over the probable remaining 
life on a straight line basis, plus (b) 
interest at the going equipment trust rate 
for that company on the undepreciated 
portion of the cost of general repairs. Over 
the entire estimated remaining life of the 
car this undepreciated portion will be one- 
half of the original repair expenditure. 


4) The annual average running repairs 
during the remaining period of life. — 
This estimate should be based as far as 


possible on company records, with an} 
appropriate allowance for the increased 
repair cost ratio on older cars. It should 


include payroll taxes, personal injuries and 
company freight. 


5) Estimated annual property taxes 
where these can be directly related to the 
possession of the car. However, where 
property taxes do not vary with changes 


ore 


EPTEMBER 195] 


no the owning company’s investment, but 
epend upon net income, net railway oper- 
ting income, or upon judgment of asses- 
ors not resulting from the application of 
ny known precise formula, they should be 
znored. 


6) Estimated annual insurance. 


7) Estimated recoverable value if now 
crapped. — In estimating such value all 
yarts should be considered at their realiz- 
ble scrap value except such as can be 
ised in repairs to other existing equipment, 
vhich should be valued at second-hand 
yrices. Interest on the estimated recover- 
ble value should be computed at the same 
ate used in Item 3 above. 


8) Estimated average number of days 
er year during which the overhauled car 
‘ould be available for service, having in 
ind the probable time it will spend on 
epair tracks between overhauling and the 
nd of the period set up in Item 2. 


9) Annual depreciation charges on exist- 
ig car. — The daily cost of owning and 
aintaining the old car would be the sum 
f Items 3, 4, 5, 6 and 7, divided by Item 8. 
tem 9 is not utilized at this point in the 
alculations because it does not involve 
n actual cash outlay, but is needed later 
n connection with income tax problems. 


Rebuilding costs. 


In the case of railroads whose policy 
avors rebuilding, only minor variations 
ppear in the information which must be 
ompiled. 

In Item 1, the estimated cost of rebuild- 
ng should reflect the same charges spe- 
ified in the case of general overhauling, 
lus estimated cost of engineering in con- 
ection with the rebuilding program. If 
n entire series of cars is to be rebuilt and 
he amount of work to be done on each 
ar is substantially identical, regardless of 
ts individual condition, the cost for the 
ntire series properly can be estimated as 
unit. If there is to be a substantial varia- 
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tion in the amount spent on individual 
cars, however, estimates for each car should 
be developed as previously described. 


In Item 2, the « added life » estimate 
should reflect the 


total number of years 
between rebuilding and retirement. If 
company policy contemplates a _ general 


overhauling within this period, the cost of 
the overhaul should be included in Item 1. 


All the remaining items are identical 
with those previously indicated in the case 
of general overhauling, as is the method 
used in determining the annual and daily 
cost. 


The new car. 


The information needed to weight the 
right-hand scale of our balance — the daily 
cost of owning and maintaining a new 


car — should be developed as follows : 
1) Original cost. — In calculating this 
cost there should be deducted from the 


builder’s price the purchaser's estimated net 
profit on any material used in construction 
of the new car which would move over 
purchaser's railroad. In computing such 
net profit, costs of handling should be com- 
puted on an out-of-pocket basis. Freight 
on the finished car should be added to the 
cost to the extent that it appears likely 
that it will be actually charged, having in 
mind the possibility of loading the finished, 
car commercially before it reaches the pur- 
chaser’s rails. 

2) Estimated life of new car (A). 

3) Estimated life remaining in old car 
due for general overhauling or rebuild- 
ing (B). 

4) Interest on the cost of the new car 
should be computed on the basis of 2 % 
of such cost multiplied by the following 
factor : 

A 
Vea 
—— 


a 


The A and B in the factor refer to Items 2 
and 3 immediately above. ‘The factor is 


] 
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necessary to insure that the interest charged 
against the cost of the new car is computed 
on the basis of the higher undepreciated 
cost of the new car during the earliest years 
of its life — the number of such years 
being equal to those during which the old 
car would continue in existence if it were 
to be repaired or rebuilt. 


5) Depreciation on the new car based on 
[pGi Crratesineettect 


6) Estimated average annual repairs on 
the new car for Period B. Where com- 
parison is being made with a car due for 
general overhauling, Period B will not 
ordinarily extend to the point where the 
new car is due for its first general over- 
hauling so that the average annual repairs 
to the new car would be those expected 
during the early years of its life, not includ- 
ing any part of the cost of its first general 
overhauling. Even though the old car 
might eventually receive another general 
overhauling after the one immediately con- 
templated it would not seem to be neces- 
sary to extend the comparison beyond the 
effect of the general overhauling imme- 
diately contemplated since any anal sub- 
sequent general overhauling of the old car 
would undoubtedly cost substantially more 
than the first general overhauling of the 
new car, and the running repairs to both 
cars would increase in this second cycle as 
compared with the first cycle under imme- 
diate consideration. 


When rebuilding is involved, the annual 
repair charge similarly should not allow 
for possible rebuilding of the new car after 
a number of years equivalent to Period B. 
However, if general overhauling of the new 
car is contemplated within such a period, 
the estimated average annual repairs of the 
new car should be the running repairs up 
to date of general overhauling plus a pro- 
portionate part of the estimated cost of 
general overhauling applicable to Period B 
plus the running repairs for that portion 
of Period B extending beyond the date of 
general overhauling, all divided by the 
number of years in Period B. For example, 
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if Period B is estimated to be nine years 
and it is estimated that the new car would 
be given a general overhauling in seven 
years which would carry it through another 
seven years, the average annual repairs of 
the new car would be. the running repairs 
during the first seven years plus 2/7 of the 
estimated cost of general overhauling plus 
the estimated running repairs of the eighth 
and ninth years, all divided by nine. 


In making the various estimates required 
in connection with repairs full considera- 
tion should be given to features of design, 
such as multiple-wear wheels, special types 
of draft gear, type of body construction 


| 
| 


used and roller bearings, which may affect — 


maintenance costs as compared with those | 
Repair costs other- | 
wise should be consistent with the repair | 


experienced in the past. 


costs estimated in connection with existing 
cars, having in mind the type, design a 
age of the various cars involved. 


7) Property taxes should be computed on 
the same basis as suggested in connection 
with existing cars. 


8) Estimated annual insurance. 


9) Estimated average number of service- 
able days per year for the new car during 
Period B. ; 


The daily cost of owning and maintain- 
ing the new car would be the sum o 
Items 4 to 8 above, inclusive, divided by 
Item 9. 


Income tax effect. 


After the costs of owning and maintain- 
ing old cars and new cars have been deter: 
mined it probably will be desirable to giv 
consideration to the effect of the purchas 
of new cars upon the company’s incom 
taxes. 


The elements of cost as outlined abovy 


should be reassembled to list for both thd 


old car and the new car under considera 
tion the average annual deductions fo 
income tax purposes which would b 
obtainable under the two procedures. 


In the case of cars to be rebuilt, if ant 
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of the cost of such rebuilding is chargeable 
to capital account or if any other capital 
items are included by reason of being neces- 
‘sary to keep the car in service during its 
remaining life, these items are of course 
not deductions for income tax purposes. 
It may be found that the deductions 
for income tax purposes which would be 
obtained through continued maintenance 
of the old car are greater than the deduc- 
tions which would be obtained through 
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or three years, the income tax effect 
naturally should not be considered during 
such period as carry-forward losses are 
available. Where overhauling is involved, 
roads in bankruptcy or in weak financial 
condition can usually get a_ relatively 
greater advantage through the purchase of 
new equipment than a road _ which is 
paying income taxes. 

If it should become possible to acquire 
new freight cars on a rental basis, as is 


« Shippers undoubteldy continue to favor lines which can customarily supply 
them with modern equipment in good repair. » 


the purchase of a new car. In such event 
the difference represents an increase in 
taxable income which would be brought 
about by the purchase of the new car, and 
if the company expects to be paying income 
taxes over the period involved, the appro- 
priate income tax percentage should be 
applied to this increased taxable net 
income. Conversely, it might be deter- 
mined that there would be a decrease in 
income taxes as a result of purchasing a 
new Car. 

If a company has carry-forward losses 
which are available to it for the next two 


now under consideration in some quarters, 
the economics with respect to income taxes 
will be substantially changed and it is pos- 
sible that the acquisition’ of new cars as 
compared with maintaining old ones will 
in practically all instances reduce income 
taxes. 

In order to illustrate how the formula 
developed above would work, a hypothe- 
tical example is given below, based on 
assumed figures. 

Suppose an old car is due for general 
overhauling. The cost is estimated at 
$1500, and this is expected to add five 
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years to the life of the car. It is assumed 
further that the company can _ borrow 
money on equipment-trust certificates at 
an interest rate of 2 %; that the current 
net scrap value of the car, allowing second- 
hand prices for usable units, would be 
$500; that its average running repairs for 
the next five years after general overhaul- 
ing would be $125; that the annual taxes 
and insurance on the car would be $10 
and $2 respectively; that 350 serviceable 
days per year can be expected after over- 
hauling, and that the annual depreciation 
on the car as it stands on the books would 
be $70. 


Table I shows the daily cost of owning 
and maintaining this car during the next 
five years. 

If a new car were to be purchased to 
replace this car, let us assume it would cost 
$4800 and would have an estimated life 
of 24 years. Further assumptions are that 
its annual depreciation under I. C. C. regul- 
ations, which of course allow for some 
recoverable scrap value at the end of its 
life, would be $175; that the average run- 
ning repairs during the first five years of 
its life would be $25; that taxes and insur- 
ance would be $20 and $4, respectively, 
and that it would provide an annual aver- 
age of 360 serviceable days for the first 
five years of its life. ‘The daily cost of 
owning and maintaining this new car dur- 
ing the first five years is shown in ‘Table IL. 


Table Ill shows the deductions for 
income tax purposes in connection with the 
two cars. The difference of $223 represents 
the estimated increase taxable net 
income as a result of purchasing the new 
car. If the company expects to be in an 


in 


income-taxe category during the entire 
period and its effective rate is 38 %, the 
increase in income taxes as a result of 


purchasing the new car would therefore 
average $85, or 24 cents per serviceable 
car day. These calculations are summarized 
in Table IV. 
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DA BICER 
Daily cost of ownership of an old car requiring 
general overhauling. 


Cost of repairs, $1 500; added life, 5 years. 


1/5 of cost of general overhauling . $300 


Interest on undepreciated cost of general 


overhauling, 1/2 of 2 % on $1 500 . 15 
Running repairs 125 
Taxes 10 
Insuxcance? a tee ee ee Z 
Interest on scrap value at 2 % 10 

Total annual cost . $462 
Serviceable days | 350 
Average cost per serviceable day $1.32 


SRA BICES ie 
Daily cost of a new car for the first five years. 


Interest, 2 % on $4 800, multiplied by 


brteige § 86 
2 

Depreciation 175 
Repairs 25. 
Taxes 20 
Insurance = ke han shan eee Peon ee 4 

Total annual cost . $310 
Serviceable days a aks 360 
Average cost per serviceable day. $0.86 


TABLES Lie 


Comparative expense deductions from annual 
income affecting income taxes. 


Old car New car 


General overhauling . $300 
Interest $60 
(This is the average annual 
interest on equipment trusts 
at 296) on which ay 255.9% 
down payment has _ been 
made with installments to 
mature in 15 years.) 
Running repairs 125 25 
Property taxes . 10 20 
Insurance aS Sa eee 2 4 
Depreciation 70 125 
Total. . . $507 $284 
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TABLE Iv. tions in the case of the old car by 1/5 of 
Calculation of income-tax effect. $100, or $20. ‘This reduces the increased 
Oldcar Newcar Saving come tax by reason of purchasing the new 
MDa mercase inonet car by 38 % of this amount, or $7.60, 
_income $293 00 which, allowing for 360 serviceable days a 
aseat 389%) a: 85.00 year, amounts to about 2.1 cents per ser- 
‘ax per ___ serviceable viceable day. The net of these two figures 
_car-day 0.24 represents 3.9 cents per day change in 
‘ost per car-day : favor of the existing car as the result of a 
Including eae on a ane reduction of $100 in the estimated cost of 
income taxes. pl. 5 $0.22 ye Sea 
Excluding effect on . ‘ eediaay es ¢ 
RR eoecatiiccs Sakae) 32 0.86 0.46 Since the saving per day for the new car 


The break-even point. 


From the administrative point of view 
he problem of the individual railroad is 
ot squarely met by the above example, 
ince no two cars of any one series will 
ost exactly the same for general overhaul- 
ag. As the cars are inspected upon reach- 
ag back-shop repair yards it will be found 
hat the cost of repairs covers a wide range. 

It may very well be that some of the 
ars can be repaired economically, while 
thers clearly should be scrapped. 

From the practical point of view, there- 
ore, the railroad needs to establish a limit 
p to which it will repair cars and beyond 
vhich it will not. This point, of course, 
5 reached when the average daily cost of 
wning and maintaining the overhauled 
ar is the same as that of owning and 
naintaining the new car. 

In the case of the set of facts given above, 
ach variation of $100 in the cost of over- 
auling the existing car makes a difference 
f about 3.9 cents per day in the saving 
etween the old and new car costs. ‘This 
} arrived at by deducting $20 (or 1/5 of 
ve $100) from the annual cost of over- 
auling the existing car, and deducting 

1 (or 1/2 of 2 % on $100) as interest 
n the undepreciated cost of overhauling. 
‘his is a total deduction in the annual 
ost of maintaining the existing car of $21. 
f the car gives 350 serviceable days this 
, a reduction of exactly 6 cents per day. 

This also affects the income tax calcula- 
on through reducing the income deduc- 


against the old on the basis of the example 
given is 22 cents, including full effect on 
income taxes, the cost of overhauling the 
existing car would have to decrease by 
enough to wipe out the 22 cents saving 
before the critical limit would be reached. 
This reduction would be the result of 
22 cents divided by 3.9 cents multiplied by 
$100, or approximately $565. On the basis 
of the facts given, therefore, the company 
would not be justified in spending more 
than $1500 minus $565, or $935, for the 
general overhauling of an existing car of 
the type involved. 

These breaking points vary, of course, 
depending upon the facts in each com- 
parison, so that in actual practice there will 
be an almost endless number of possible 
combinations. Certain general chavacter- 
istics, however, apply to all of these com- 
binations and it may help to understand 
them to put some typical figures in the 
form of a chart, based upon the assump- 
tions already described. In this chart the 
daily cost of ownership is plotted vertically, 
while the estimated life secured from the 
general overhauling is plotted horizontally. 
The lines on the chart show the variation 
in the daily cost of ownership depending 
upon the life estimated to be secured. All 
lines include the complete effect of varia- 
tions in income tax, although this is 
reflected in the cost of ownership of the 
existing car instead of in the cost of owner- 
ship of the new car as in the example given 
above. ‘This is necessary because these say- 
ings in income tax vary with the cost of 
the overhauling and therefore must be 


Cost of Ownership Per Day (Cents) 
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computed separately for each different over- 
haul cost shown on the chart. 

It will be noted that the daily cost of 
ownership of the new car is relatively 
constant, resulting in a nearly horizontal 
line, but that the daily cost of owning 
existing cars drops very rapidly as the 
expected life increases. It will be further 


4 5 6 1 8 
Estimated Life Secured by General Overhauling 
(Years) 
How the life extension secured by overhaul 
expenditures affects the break-even point with 
the cost of owning new cars. 


noted that on the basis of the various 
assumptions involved an overhaul costing 
$1500 is definitely uneconomical as com- 
pared with the purchase of a new car at 
$4800 unless a very long life can surely 
be obtained, the requirement probably 


SEPTEMBER 195] 


being close to 9 or 10 years. An overhaul 
of $1 300 would only be economical if eight 
years of life could be assured. An overhaul 
costing $1100 would probably be econo- 
mical if more than six years of life is 
assured, with the breaking point for a 
$900 overhaul being somewhere around 
five years. If four years or more of life 
could be secured from a $700 overhaul 
this would appear to be clearly economical. 

To read the chart in another way, if it. 
is estimated that only about four years of 
life can be obtained from overhauling a 
series of cars it would be cheaper to pur- 
chase new cars, except in such cases as the 
overhaul would cost less than $800. if! 
five years of life can be reasonably expected 
overhauls up to about $900 would appear 
to be justifiable. Jf six years of life canj 
be obtained the breaking point for over- 
hauls would appear to be close to $1 100) 
while if seven years of life can be obtained} 
the limit can be justifiably raised to slightly 
over $1 200. | 

The chart just discussed, of course 
applies to overhauls designed to put fro 
four to seven years of life into a ca 
Charts covering rebuilding jobs would be 
of exactly the same type except that thy 
amounts of money involved would ruy 
substantially higher, probably betweey 
$2000 or $3000, and the years of life tq 
be added would also run greater than ij 
the case of overhauls. 


Reliable cost estimates required. 
H 
In some cases it may be that a relativel 


small expenditure, much less than the co 
of general overhauling, will permit th) 
existing car to be returned to service fa 
a short period of time, such as 60 
90 days. If the additional cost of such af 
expenditure is less than the per diem rat 
being paid at that time for foreign-lir 
equipment, it may be desirable to mak 
such expenditure, even though the car 
to be retired shortly thereafter and eve 
though new equipment is to be ordered 
take its place. This, however, is mere} 
a stop-gap expedient justified at tim 
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when surplus cars are not available on line 
ind where the use of foreign-line cars would 
ye necessary at any increased per diem 
2xpense. 

Many railroads do not have on hand 
‘eliable basic data with which to make 
many of the estimates required for com- 
dlete application of the formula outlined 
ibove. It has been my experience in such 
mstances that the costs of overhauling or 
rebuilding frequently are underestimated, 
ind that the probable life added by over- 
qauling or rebuilding often is overestim- 
ated. This cannot be attributed to any 
deliberate attempt to mislead but rather 
o a real lack of information, plus the 
audable human trait of optimism. The 
shart already discussed emphasizes the great 
mportance of securing accurate data as to 
‘hose items. 

_ An important first step toward more 
-ealistic estimating is the preparation of 
an analysis of Account 314 over a repre- 


sentative period. The analysis should 
show : 
1) Inspection costs, including — shop 
expense. 
2) Other direct;s,labor and material 
ncluding shop and store expense. ‘This 


should be separated between (a) running 
cepairs, (b) general overhauling, and (c) 
rebuilding. The latter two items should 
de separated further according to the class 
of car. 


- 3) Amounts collected from foreign lines 
m A.A.R. billing for repairs to foreign 
cars. 

4) Amounts paid to foreign lines on 
4.A.R. billing for repairs to system cars. 
This item should be analyzed according to 
classes of cars and the amounts so obtained 
compared with the number of car days of 
zach class off line. 

5) Casualties. 

6) Other. 

Item 2a, less Item 3, divided by the 
aumber of car-days of home cars on line 
during the period involved, will give the 
average cost of running repairs per car- 
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day for system cars at home. This furnishes 
a good base upon which to estimate the 
probable running repairs on any specific 
class of car while at home, after giving con- 
sideration to its type, design and age. 

Similarly, Item 4 should furnish a good 
base upon which to estimate the probable 
running repairs on the car while on foreign 
lines. 

A spot analysis of the factors enumerated 
above, while providing satisfactory data for 
current estimates, still falls far short of the 
ideal. By the time the next appraisal 
period arrives, repair experience, price 
levels, and many other factors may have 
changed. ‘There is much to be. said, the- 
refore, for a continuing record of freight 
car costs along the lines suggested above. 
In the past the probable increase in 
accounting expense has been a major 
stumbling block, but with the increase in 
the use of modern machine equipment in 
railroad accounting this objection is rapidly 
disappearing. 

Additionally, such a running record 
would emphasize the variations in the daily 
cost of owning and maintaining cars of 
varying types, sizes and design, and would 
stress the importance of giving further 
consideration to the desirability of variable 
per diem rates, especially for special ser- 
vice cars and possibly based on age. Such 
data, especially if it led to higher rates 
for newer cars, would be a powerful factor 
in bringing about a general improvement 
of freight car equipment, with resultant 
benefits to the entire industry. 


Intangible benefits. 


Intangible benefits from the moderniza- 
tion of equipment, for which no mathem- 
atical allowance can be made in our 
proposed formula, undoubtedly should 
influence many close decisions as to the 
wisdom of overhauling or rebuilding. 

Shippers undoubtedly tend to favor lines 
which customarily can supply them with 
modern up-to-date equipment in good 
repair. It might even be that the traffic 
department could give specific assurances. 
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as to certain business’ which would be 
obtainable if mew cars were available. 


Many new cars also are designed to reduce 
damage claims, to offer lower rolling resist- 
ance and thus make possible heavier train 
loads, to permit operation at higher speeds, 
to be loaded and unloaded more efficiently, 
to promote safer operation, or to contribute 
in other ways to greater efficiency of oper- 
ation. The owning road will only par- 
ticipate in these benefits to the extent that 
the car remains on its own rails, and to 
the extent that other cars in its trains 
permit full utilization of the advantages 
of the new car, but as each road makes 
its own contribution to the general impro- 
vement of freight car design, the industry 
as a whole will begins to reap_ these 
benefits. 

As far as general public relations are 
concerned, one of the best advertisements 
that any railroad can have is a new freight 
car which immediately catches the public 
eye, whether of travelers by rail or high- 
way or of those living or working along 
the line. 

Another very important intangible ele- 
ment is the question of shops, shop 
machinery and shop yard tracks, especially 
the items of maintenance, insurance and 
taxes. As already noted, there is no allow- 
ance in any of the formula items for these 
costs. Nevertheless a reduction in the 
amount of overhauling or rebuilding done 
in freight car shops undoubtedly effects 
some saving in such costs. The saving 
would become most substantial and worthy 


of attempt at measurement through a spe- 


cial study if the adoption of a general 
policy of less rebuilding and more pur- 
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chases of new cars should make it possible 
to close specific shops or shop buildings or 
to eliminate the use of particular machines. 
It will be noted that the unit costs per 
day of owning new freight cars and of 
keeping old cars in repair are both sub- 
stantially lower, based on the examples here 
used, than the going per diem rate of 
$1.75. This will be true of almost any set 
of figures which realistically reflect current 
costs. This is because the costs entering 
into the calculation of the per diem rate 
include all of the overhead costs already 
mentioned which have been excluded from. 
our figures and also include some allow- 
ance for existence of surplus equipment. | 
Unless, therefore, the purchase of new cars’ 
will involve a railroad in extensive capital} 
expenditures in order to provide ee 
facilities for those cars or will result in 
other increases in overhead costs or undue; 
surpluses of those cars, it would seem to bel 
in the interest of every railroad in the} 
country to provide itself with sufficient 
freight cars to be sure that it is not paying: 
through heavy per diem expense more than 
it would cost to own an adequate supply 
of its own. 
In this respect each railroad’s problem 
may well be different than its neighbor’ 
and this article does not attempt to sei 
forth a formula for determining whethe 
a railroad’s freight car ownership is suffi 
cient for its needs. But it is believed tha 
the figures, in addition to illustrating 
method for making sound decisions regard 
ing rebuilding or overhauling, also clearl 
point the way to economies available t 
many railroads through an increase in thei 
existing ownership of freight cars. 


CORRIGENDUM 


Bulletin for January 1951. 


On page 51, 2nd line : 


Please read : 
1948 as quoted. 


Malayan Railway Report for the year 1947, instead of the yea 
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OBITUARY. 


Léon JACOBS, 


Ingénieur des Constructions Civiles. 
Directeur Général Honoraire de la Société Nationale des Chemins de fer Vicinaux (Belgium). 
Former Member of the Permanent Commission of the International Railway Congress Association. 


__M. Léon Jacoss, former general manager 


of the « Société Nationale des Chemins de 
fer Vicinaux de Belgique » and former 
member of the Permanent Commission of 
‘our Association died on the 19th April 
11951. 

__M. Léon Jacoss was born at Laeken on 
the 30th September 1880. He proved to be 
a brilliant scholar and entered the Univer- 


sity of Louvain where he obtained 
his civil engineering degree in 1906. 
He was engaged that same year as 
temporary assistant engineer by the 
« Société Nationale des Chemins de 
fer Vicinaux >». 

Starting from the bottom in this 
way, he was promoted progressively 
to the highest grade on the light 
railways. In 1910, he became assis- 
tant engineer of the Limbourg pro- 
vincial service, after which he spent 
a short time at headquarters in 1911 
to return shortly afterwards as chief 
provincial engineer for Limbourg of 
which he was particularly fond, hav- 
ing spent his childhood there. 

After a few months in captivity 
during the first world war, he was 
recalled to headquarters in 1916 as 
divisional engineer. During the dif- 
ficult postwar years, M. Jacogs had 
to solve the many problems arising 
as a result of taking over the bank- 
rupt subsidiary companies and the 
straightening out of the finances of 
the company. During this same 


epoch, the first railcars were put into 
service and the electrification of the system 
begun. 


On the 18th July 1928, M. Léon Jacogs 
was appointed assistant general manager, 
and in 1933 he succeeded M. Gaurrigz as 
general manager. 

Apart from his great technical abilities, 
M. Jacoss was the inaugurator of various 


os 
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measures and steps of a social character for 
the benefit of the staff of the company 
under his management. 

During the 1940-1945 war, he devoted 
himself entirely to the organisation of the 
transport of the country according to the 
circumstances of the times and never failed 
in his fight against the demands of the 
occupying powers. 

On the 24th September 1947, M. Jacoss 
retired, deeply regretted by the whole of 
his staff who held him in the greatest 
esteem both on account of his ability as 
manager and his qualities as a man. 

The deceased was a grand officer of the 
Order of Leopold and the Order of the 
Crown, and the holder of many other 


decorations. 
M. Léon Jacoss was appointed a member 
of the Permanent Commission of our Asso- 
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ciation in 1933, and always showed the 
greatest interest in its activities. 

He took part in the Sessions held in 
Rome in 1922, London in 1925, Madrid in 
1930, Cairo in 1933, Paris in 1937 and 
Lucerne in 1947, as well as the enlarged 
meeting of the Permanent Commission in 
Brussels in 1935 and 1939. His great com- 
petence in all matters concerning light rail- 
ways was always much appreciated by his 
colleagues in Section V, and he was Vice- 
President of this Section at the Madrid 
Congress. 

At the Cairo Congress, he was a reporter 
on Question XII dealing with co-ordinating 
the working of main line and light railways. 

Our regretted colleague will long be 
remembered and we offer his family our 
sincerest sympathy. 


The Executive Committee. 
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& Sons, Inc., 440, Fourth Avenue, New York 16. Over 


2 200 pages (6 1/4 x 9 1/4 in.). (Price : 15 $.) 


1951 621 .431 .72 
Me GOWAN (G. F.). 

Diesel Electric locomotive handbook. 
equipment. 

New York : Simmons-Boardman Publishing Corpo- 
ration. Fabrikoid, 299 pages (5 1/2 x 8 1/4 in.), illus., 
diagrams, charts, tables. (Price : $ 4.95). 


— Electrical 


[ 016. 385. (05 ] 


Hl. — PERIODICALS. 


In French. 


Annales des ponts et chaussées. (Paris.) 


1951 624 (0 
Annales des ponts et chaussées, janvier-février, p. 1.; 
mars-avril, p. 225; matl-juin, p. 321. 
DELPUECH (P.). — Flexion dynamique et oscillation 
des ponts. (25 000 mots & fig.) 


1951 62 (01 
Annales des ponts et chaussées, janvier-février, p. 71. 

KAMMERER (A.). — La photoélasticimétrie a trois 
dimensions. (6 000 mots & fig.) 

1951 624 (73) 
Annales des ponts et chaussées, janvier-février, p. 105. 

FOLEY (E. R.) & GILBERT (G. D.). — Pont courbe 
en poutre caisson sur une seule pile de colonnes. (D’aprés 
Engineering News Record, 10 juin 1948). (1 500 mots 
& fig.) 


Bulletin de la Société des Ingénieurs Civils 
de France (Paris). 


1950 625 .42 (44) 
Bull. de la Soc. des Ing. civils de France (mémoires), 
n°® 5 et 6, mai-juin, p. 206. 
FAUCONNIER. — Le Métropolitain et V’économie 
des Transports Parisiens. (12 000 mots & fig.) 


1950 625 .244, 656 .225 & 656 .261 
Bull. de la Soc. des Ing. civils de France (mémoires), 
n°o® 7 et 8, p. 349. 
CLEMENT (P.). — Les transports frigorifiques ter- 
restres. (14.000 mots & fig.) 


1950 
SKROTZKI (B. G. A.). 
Steam and gas turbines. 
New York : Mc Graw-Hill Book Co., In 
volume of 395 pages, 357 figs., 7 tables. (Price : in’ 
Sas.003) } 


1951 385 (09 
Unification of British Railways. 
London : Modern Transport Publishing Co., 
Norman House, 105-109, Strand, W. C. 2. One bro 


of 64 pages, illustrated. (Price : 2 s. 6 d.) 


1951 .| 
WILSON (G. L.). 

Elements of transportation economics. 

New York : Simmons-Boardman Publishing 
ration. One volume 178 pages (5 7 3/4 in.), diag 
tabless (Prices =2295.) 


1951 656 .212 & 656 
Bull. de la Soc. des Ing. civils de France, n° 5 et 6 (| 
De 20: 

La chaine des transports et des manutentions day 
chemins de fer. /*° Partie : Organisation des tram 
et équipement des noeuds ferroviaires, par M. 
CHAND. — 2° Partie: Les équipements terminau 
M. GUIBERT. (4 000 mots.) 


Bulletin de l’?Union internationale 
des Chemins de fer. (Paris.) 

1950 656 .237 . 
Bulletin de ’Union intern. des Ch. de fer, juin, - 
DESORGHER (E.) & DEGEYE (G.). — Led 

Central de Compensation (B. C. C.), 1925-1950. 
i 
1950 656 .255 
Bulletin de Union intern. des Ch. de fer, juin, 
BAUMGARTNER (J. P.). — Les méthodes d 


Les services ferroviaires a travers la Manche. 
mots & fig.) 


1950 621 .431 .7 
Bulletin de ’'Union intern. des Ch. de fer, juin, 
L’emploi des autorails en Suéde. (1 000 mots 


mots.) 
tation en voie unique sur le réseau des Chemins} 


1950 656 .211 .7 4 
Bulletin de l’Union intern. des Ch. de fer, juin, 
fédéraux suisses. (2 000 mots & fig.) 


Economie et Technique des Transpor 


(Ziirich.) 

1951 6 
Economie et Technique des Transports, n° 1-38 
KIRSCHSTEIN (H.). — Entwicklungsgedankd| 
Versuchserfahrungen der Deutschen BundesbalH 
Gleitschutzreglern fiir Hochleistungsbremsen an § 
zugwagen. (4000 Worter & Abb.) 


Bee! GU 


625 .212 (494) & 625 .23 (494) 
1ie et Technique des Transports, n° 1-3, p. 14. 
3NARD (R.). — Les voitures des Chemins de fer 
a sur pneumatiques « Michelin ». (2 500 
. fig.) 
ZINGER (R.). — Freins (des voitures ci-dessus). 
nots & fig.) 


Génie Civil. (Paris.) 
624 .2 & 691 
Civil, n° 3296, 1° mars, p. 92. 
ARD (A.). — Abaque pour la détermination des 
de béton armé, en flexion composée. Recherche 
ction économique dans le cas d’armatures symé- 
(800 mots & fig.) 


691 
pivil, n° 3297, 15 mars, p. 113. 


3 (A.). — La corrosion des armatures des struc- 
1 béton. (1 200 mots.) 


621 .33 (47 + 57) 
pivil, n° 3298, 1°" avril, p. 124. 
JHEFERT-TASSIN (Y.). — La traction électrique 
: S. S. (5 000 mots, tableau & fig.) 


385 .1 (44) 
Pivil, n° 3298, 1€" avril, p. 134. 
lution et la productivité de la Société Nationale 
mins de fer francais en 1950. (1 200 mots.) 


624 .63 (44) 


civil, n° 3299, 15 avril, p. 141. 
TIN (H.). — La reconstruction du pont de Cas- 
ir-Dordogne. (1 700 mots & fig.) 


L’Industrie Nationale. (Paris.) 
62 (Ol 
‘trie Nationale, n° 4, octobre-décembre, p. 105. 
BOTIN (R.). — Le contréle radiographique dans 
rie. (10 000 mots & fig.) 


L’Industrie des Voies ferrées 
des Transports automobiles. (Paris.) 
625 .62 (494) 
mo des Voies fer. et des Transp. automobiles, 
vier, p. 677. 
ISY (E.). — La modernisation du Réseau des 
tys de Genéve. (2 500 mots & fig.) 


629 113 .62 
‘trie des Voies fer. et des Transp. automobiles, 
tier, p. 692. 

SRT. — A propos des conséquences Economiques 
technique améliorée de construction des lignes 
4s de contact pour trolleybus. (5 000 mots & fig.) 


| 621 .431 .72 (44) 
‘trie des Voies fer. et des Transp. automobiles, 
ep. 735. 

NAT. — Les locomotives Diesel-électriques de 
type BB-voie normale,du Réseau de |’Hérault. 
nots & fig.). 


1951 625 .41 (44) 
L’Industrie des Voies fer. et des Transp. automobiles, 
mai, p. 739. 
GRAYELLE (J.). — Le téléphérique d’Auron (Alpes 
Maritimes). (3 000 mots & fig.) 


Notre Métier. (Paris.) 
1951 621 .335 (43) 
Notre Métier, 26 mars, p. 2. 
Le nouveau matériel électrique de la ligne du Hdllental, 
20 000 V/50 Hz. (1 000 mots & fig.) 


1951 621 .392 (73) & 625 .143 .4 (73) 
Notre Métier, 9 avril, p. 6. 

Soudure des rails dans les tunnels par pression. (Etats- 
Unis). (400 mots & fig.) 


195i 625 .143 .3 (44) 
Notre Métier, 23 avril, p. 11. 
LAFAYE (A.). — Le nouveau « graisseur de rails » 


de la S. N. C. F. (1 000 mots & fig.) 


1951 
Notre Métier, 7 mai, p. 4. 
Métallisation des voitures en bois (a bogies) de la 
Région de l’Ouest. (1 500 mots & fig.) 


1951 
Notre Métier, 28 mai, p. 3. 
Locomotives Diesel-clectriques de 600 ch a voie mé- 
trique. (1 000 mots & fig.) 


1951 
Notre Métier, 18 juin, p. 4. 
Nouvelles rames automotrices Diesel pour relations a 
grands parcours de la S. N. C. F. (7 000 mots & fig.) 


625 .23 (44) 


621 .431 .72 (44) 


621 .431 .72 (44) 


L’Ossature métallique. (Bruxelles.) 


1951 624 .32 (493) 
L’Ossature métallique, février, p. 53. 

DESPRETS (R.). — Le pont du Val-Benoit sur la 
Meuse, a Liege. Considérations sur les dispositifs adoptés 
pour ses reconstructions successives. (6 000 mots & fig.) 


1951 621 .392 (438) & 624 (438) 
L’Ossature métallique, février, p. 80. 

WISZNIEWSKI (A.). — Quelques exemples de 
constructions miétalliques soudées en Pologne. (3 000 
mots & fig.) 

1951 624 .62 (493) 
L’Ossature métallique, mars, p. 103; avril, p. 155. 

FOUGNIES (R.), LOUIS (H.) & THYS (P.). — Le 
nouveau pont de Lanaye sur le Canal Albert. (12 000 
mots & fig.) 

1951 
L’Ossature métallique, mars, p. 116. 

Transport de marchandises par containers maritimes. 
(250 mots & fig.) 

1951 
L’Ossature métallique, mars, p. 117. 

LORIN (P. A.). — Cent ans de construction métal- 
lique. (4 000 mots & fig.) 


656 .261 (44) 


624 & 669 


E68 : 


1951 669 
L’Ossature métallique, mars, p. 143. 

COURTHEOUX (J.). — Les profils a ailes paralicles. 
(2000 mots & fig.) 


Revue de 1|’Association francaise 
des Amis des Chemins de fer. (Paris.) 


1951 621 .131 .3 (42) 
Revue de l’Assoc. frang. des Amis des Ch. de fer, 
janvier-février, p. 1. 
VUILLET (G.). — Essais de locomotives a vapeur sur 
les Chemins de fer britanniques. (1 500 mots, tableaux 
& fig.) 


1951 621 .335 
Revue de l’Assoc. franc. des Amis des Ch. de fer, mars- 
avril, p. 25. 


GACHE (A.) & CAIRE (D.). — Le probleme des 
locomotives BB a grande vitesse. De la BBAe 4/4 du 
Loetschberg aux BB 9001-9002 construites par Brown 
Boveri et S. L. M. Winterthur pour la S. N. C. F. (6 000 
mots & fig.) 


1951 621 .431 .72 (73) 
Revue de |’Assoc. frang. des Amis des Ch. de fer, mars- 
avril, p. 41. 
ERIAC. — L’automotrice RDC-1 de la Budd Com- 
pany. (3 000 mots & fig.) 


1951 6217335 

Revue de |’Assoc. frang. des Amis des Ch. de fer, mars- 
avril, p. 45. 

GACHE (A.). — L utilisation des symboles pour 


la désignation des types de locomotives électriques. (1 000 
mots & fig.) 


Revue Générale des Chemins de fer. (Paris.) 


1951 656 .225 (44) & 656 .261 (44) 
Revue générale des Chemins de fer, mars, p. 101. 

JOUFFROY (L. M.). — De la substitution progressive 
de la caisse mobile (container) a la caisse fixe dans les 
transports par chemin de fer. (15 000 mots & fig.) 


1951 625 .13 (44) 
Revue générale des Chemins de fer, mars, p. 127. 
CAUVY. — La reconstruction du viaduc de Lessart sur 


la Rance. (3 000 mots & fig.) 


1951 656 .226 (44) 
Revue générale des Chemins de fer, mars, p. 135. 

LANDRIN & JOUANEN. — Evolution du trafic des 
fruits et légumes de la vallée du Rhéne. (6000 mots 
& fig.) 


1951 625 .212 (494) 
Revue générale des Chemins de fer, mars, p. 149. 

Mise en service, en Suisse, de deux voitures sur pneu- 
matiques. (300 mots & fig.) 


1951 625 .232 (65) 
Revue générale des Chemins de fer, avril, p. 157. 

LE HORGNE. — Les voitures en acier inoxydable des 
Chemins de fer Algériens. (3 000 mots & fig.) 


1951 656. .25¢ 
Revue générale des Chemins de fer, avril, p. 164 

WALTER & THOUVENOT. — La téléphonie 
matique interurbaine appliquée au chemin de fer. (1 
mots & fig.) 


1951 351 .812 11 
Revue générale des Chemins de fer, avril, p. 178 

Modifications apportées, depuis l’origine, a la 
vention du 31 aodt 1937 relative au nouveau régin 
Chemins de fer francais. (20000 mots.) 

1951 61 
Revue générale des Chemins de fer, avril, p. 20° 

Contréle du profil interne des tunnels. (200 mots 


Les Transports publics. (Lausanne.) 


1951 625 .212 (494) & 625 .23 
Les Transports publics, janvier, p. 12. 

Les nouvelles voitures légeres des C. F. F. monte 
pneumatiques. (1 500 mots & fig.) 


| 

1951 | 
Les Transports publics, février, p. 5. 
Chemins de fer et trafic routier dans la défense ay 
(2 000 mots.) 
| 

' 

| 


Travaux. (Paris.) 

1951 
Travaux, féyrier, p. 199. 

Journées Internationales 1950 de I’Association | 
tifique de la Précontrainte, 4 Paris, Rouen, Le 
(16, 17 et 18 octobre). Compte rendu des & 
communications et discussions. (58 pages ave 
trations et tableaux.) 


1951 
Travaux, mars, p. 273. 

MANDEL (J.). — Ecoulement de l’eau sous u 
de palplanches. Abaque pour la condition de 
(5 000 mots & fig.) 


1951 
Travaux, mars, p. 298; avril, p. 331. 
PINCON (A.). — Etude comparative de la 
métrie des bétons de ciment, de bitume et d’argil 
aux numéros de février 1947, mai 1947, aout | 
octobre 1948). (7 000 mots & fig.) 


62 (OL 


62 (Ol 


1951 
Travaux, avril, p. 323. 
FOUGEA (E.) & CAYLA (M.). — Nouvea 
de mise en précontrainte. (4 500 mots & fig.) 


62 (Ol 


In German. 


Elektrische Bahnen. (Miinchen.) 


1951 621 
Elektrische Bahnen, Januar, S. 1. 
LANG (W.). — Das Bahnumrichterproblem ij 


men der heutigen Bahn- und Landesstromver 
(10 600 Worter & Abb.) i 


Ee (0 


621 .431 .72 
ische Bahnen, Januar, S. 11. 
K (R.). — Uber die Bemessung der elektrischen 
bertragung bei dieselelektrischen Triebfahrzeugen. 
Worter & Abb.) 
| 621 .335 (73) 
ische Bahnen, Januar, S. 15. 
IAEFER (H. H.). — 6000 P. S. Versuchsloko- 
der Pennsylvania RR, U. S. A., mit Ignitron- 
richtern. (1 000 Worter & Abb.) 


| 621 .332 
ische Bahnen, Januar, S. 18. 

ILING (H.). — Bericht tiber weitere Vorrichtungen 
essung von Bewegungen der Fahrleitungen. (1 200 
tr & Abb.) 


q 621 .335 (43) 
ische Bahnen, Februar, S. 25; Marz, S. 64. 
ADIGAU (A). — Die Arbeitsverluste der Rege- 
ei 50 Hz Einphasenwechselstrom-Lokomotiven mit 
snzierten Einphaseninduktionsmotoren (Bauart 
). (12 000 Worter & Abb.) 

1 621 .135 .4 & 625 .215 
ische Bahnen, Februar, S. 30. 

ANZ (K.). — Bogengeschwindigkeit von Schienen- 
trassenfahrzeugen. (5 000 Worter & Abb.) 


625 .2 : 625 .62 


ische Bahnen, Februar, S. 36. 

AUENDORE (H.). — Vorschlige zur Weiterent- 
ng der Strassenbahn-Triebwagen. (6 000 WoOrter 
b.) 


; 621 .31 (73) 
ische Bahnen, Februar, S. 43. 

[AEFER (H. H.). — Uber die Gleichrichter- 
ze der Pennsylvania Railroad und der Westing- 
Corp. auf Eisenbahnfahrzeugen. (1 000 Worter 
) 


Yer Eisenbahnbau. (Frankfurt-Main.) 


) 625 .123 
isenbahnbau, Oktober, S. 219. 

OPP (A.). — Die Entwasserung von Bahnanlagen. 
Worter & Abb.) 


} 624 .2 
senbahnbau, Oktober, S. 230; November, S. 250. 
JCKMANN (B.). — Briickenmesswesen, Briicken- 
gungen und Briickenbelastbarkeit. (10 000 Worter.) 
} 625 .143 .3 
senbahnbau, November, S. 254. 

SEL (F.). — Liegedauer der Schienen. 
c & Abb.) 


) 621 .138 .1 
isenbahnbau, Dezember, S. 265. 
SAHTERHANDT (J.). — Gedanken zur Weiter- 
z der Lokomotivbehandlungsanlagen (Bw.). (1 700 
> & Abb.) 


(1 500 


1950 624 .63 
Der Eisenbahnbau, Dezember, S. 267. 
CIESIELSKI (H.). — Montage von schweren Fertig- 


betonbauteilen. Ein vorspannungsloses und Stahleinlagen 
ersparendes Verfahren besonders fiir Bogenbriicken. 
(2 500 Worter & Abb.) 


1950 
Der Eisenbahnbau, Dezember, S. 276. 
LUDEWIG (W.). — Entwasserung des Bahnkorpers. 
(1 800 Worter & Abb.) 


625 .123 


Internationales Archiv fiir Verkehrswesen. 


(Mainz.) 

‘1951 656 (485) 
Int. Archiv. f. Verkehrswesen, N' 1, 1. Januarheft, S. 1. 

FEUCHTINGER (M. E.). — Verkehrsgesichtspunkte 
bei dem internationalen Wettbewerb Osterleden in 
Stockholm. (4 000 Worter & Abb.) 

1951 621 .431 .72 
Int. Archiv. f. Verkehrswesen, N* 2, 2. Januarheft, S. 25. 

GAEBLER (G. A.). — Die Brennkraftmaschine im 
erdgebundenen Verkehr. (8 000 Worter & Abb.) 

1951 625 .14 (Ol & 625 .2 (Ol 
Int. Archiv. f. Verkehrswesen, N? 3, 1. Februarheft, S. 49. 

Dr. Ing. BASELER. — Leichtfahrzeug und Gleis. 
(4.000 Worter.) 


1951 385 .114 
Int. Archiv. f. Verkehrswesen, N* 5, 1. Marzheft, S. 101. 

THERSTAPPEN (P. H.). — Selbstkosten im Verkehr. 
(3 000 Worter.) 

1951 693 
Int. Archiv. f. Verkehrswesen, Nt 5, 1. Marzheft, S. 106. 

GOBSCH-STAHL (H.). — Feuerschutz in Verkehrs- 
mitteln. (1 600 Worter & Abb.) 


Verkehr. (Wien.) 


1951 385 .1 
Verkehr, IN? 2, Janner, S. 37. 
KUBLER (Dr. E.). — Der Weg zur Eisenbahnsanie- 


rung. (2 000 Worter.) 

1951 656 .225 (73) & 656 .261 (73) 
Verkehr, N* 6, 10. Februar, S. 165. 

Behalterverkehr in U. S. A. (1 000 Worter & Abb.) 


1951 385 .1 (436) 
Verkehr, Nt 10, 10. Marz, S. 293. _ 

KUBLER (Dr. E.). — Zur Sanierung der Osterreich- 
ischen Bundesbahnen. (1 200 WoOrter.) 

1951 385 .1 (436) 
Verkehr, N*™ 15, 14. April, S. 449. 


Europiische Bahnen und Osterreich. (1 200 Worter.) 


1951 656 (436) 
Verkehr, N™ 16, 21. April, S. 486. 
SMETANA (F.). — Wettbewerb und Mboglichkeit 


der Zusammenarbeit. (2000 Worter.) 


oe NR 


In English. 


The Engineer. (London.) 


1950 621 .13 (09 (42) 
The Engineer, December 29, p. 647. 

POULTNEY (E. C.). — Locomotives of 1900. (2 400 
words & fig.) 

1950 ei 625 .4 (73) 
The Engineer, December 29, p. 651. 

Stainless steel trains for New York subways. (1 200 
words & fig.) 

1950 385 (09 


The Engineer, December 29, p. 661. 
DEN HOLLANDER (Ff. Q.). — The future of rail- 
ways. (4000 words, tables & fig.) 


The Journal of the Institute of Transport. 


(London.) 
1951 385 .3 (42) 
The Journal of the Institute of Transport, May, p. 159. 
SCHUMER (L. A.). — A re-valuation of transport 
regulation. (1 600 words.) 


Mechanical Engineering. (New York.) 
1951 625 .28 
Mechanical Engineering, April, p. 295. 
Progress in railway mechanical engineering 1949-1950. 
(8 000 words & fig.) 


The Oil Engine. (London.) 


1951 621 .431 
The Oil Engine, May, p. 23 
An oil- burming locomotive power plant. (1 200 words 
& fig.) 
1951 
The Oil Engine, June, p. 44. 
The largest mechanical transmission locomotive. (1 800 
words & fig.) 
1951 
The Oil Engine, June, p. 62. 
Coal firing nears the practical stage. — 1 000 Hours’ 
running on Houdry unit : Loco plant begins shop tests 
in U. S. A. (3 000 words & fig.) 


PANGS) 


621 .431 .72 (42) 


621 .438 (73) 


Railway Gazette. (London.) 


1950 656 .212 .5 (73) 
Railway Gazette, September 1, p. 236. 
Modernising a freight yard on ae Santa Fe Railways. 
(1 600 words & fig.) 
1950 
Railway Gazette, September 1, p. 241. 
sa ei announcements at Harwich. (1 200 words 
& fig.) 


656 .224 (42) 


1950 656 212. 
Railway Gazette, September 8, p. 256. 
Diesei operated mobile crane. (600 words & 


+t 
624.132 8 


1950 
Railway Gazette, September 8, p. 259. 
Steam railears for Egypt. (2 400 words & fig.) 


1950 o1 | 
Railway Gazette, September 8, p. 266. | 

Removable compensating windings in D. C. mach 
(600 words & fig.) 


1950 J 
Railway Gazette, September 8, p. 268. : 

New signalling code for London Midland Re 
(500 words & fig.) 


1950 385 (09 
Railway Gazette, September 15, p. 279. 

eu RAIMONDO (G.). — The Italian State Rail 

200 words & fig.) 

1950 
Railway Gazette, September 22, p. 313. 

British Transport Commission Results for 1949, ( 
words & tables.) 


1950 
Railway Gazette, September 29, p. 337. 
Container-trailers in South Africa. (600 words 


385 .15 


625 .617) 


1950 621 .335 
Railway Gazette, October 6 & 13, p. 362. 
Electric locomotive for Estoril Railway. (2 000 
& fig.) 
1950 
Railway Gazette, October 20 & 27, p. 393. 
McARD (G. W.). — Influence of driving wh 
meter on locomotive design. (2 400 words & fig.) 


621. 


1950 
Railway Gazette, October 20 & 27, p. 397. 

CAZENAVE (C. R.). — French Railways 
service in Paris and Suburbs. (2 000 words & fig 


656 22 


1950 625 17 
Railway Gazette, October 20 & 27, p. 399. 

Norwegian rail-spreading and lifting equipment. 
words & fig.) 

1950 625 .23 (42) & 625 . 
Railway Gazette, October 20 & 27, p. 402. 

Reconstruction of London Transport rolling 
(2 400 words & fig.) 

1950 621 .138. 
Railway Gazette, November 3, 10 & 17, p. 432. 

Ulster Transport Authority workshops. (1 500 
& fig.) 

1950 625 .143 
Railway Gazette, November 24, p. 460. 

Girder-type silent rail joint. (600 words & fig, 


— 7) 


way Mechanical Engineer. (New York.) 


385 (061 (73) 
y Mechanical Engineer, November, p. 647. 
brake Association holds annual meeting. (8 000 
& fig.) 
385 (061 (73) & 621 .13 (05 (73) 
& 621 ee (06 (73) 
y Mechanical Engineer, November, p. 659. 
i supervisors discuss locomotive operation. (8 000 
& tables.) 


385 (061 .4 (73) 
y Mechanical Engineer, November, p. 675. 
tical sections have new responsibilities. (13 000 
& fig.) 


621 2138 <5 @73) 
y Mechanical Engineer, December, p. 713. 
of modernizing locomotives repaid in 3 years. 
words & fig.) 


y Mechanical Engineer, December, p. 719. 
SELL (F. E.). — Changing over from steam to 
power. (2 400 words & fig.) 


625 .232 (73) 
y Mechanical Engineer, December, p. 725. 
|. & W. passenger cars. (800 words & fig.) 


621 .431 .72 (73) 
y Mechanical Engineer, December, p. 726. 
iro-motive switchers. (1 200 words & fig.) 


621 .39 
y Mechanical Engineer, December, p. 751. 
ric heating and welding. (4 800 words & fig.) 


ay Mechanical and Electrical Engineer. 
(New York.) 


621 .438 (73) 
y Brechanical and Electrical Engineer, January, 


ie 

CHT (W. A.), KERR (C. Jr.) & PUTZ (T. J.). — 
HP gas turbine passenger locomotives. (4 000 
& fig.) 


621 .438 (73) 
y Mechanical and Electrical Engineer, February, 


xRICK (T. J.). — Control system for a gas turbine 
locomotive. (3 500 words & fig.) 
621 .438 (73) 


7 Mechanical and Electrical Engineer, May, 
245. 
Bort (J. 1). 


vords & fig.) 


— The gas turbine at Dunkirk. 


621 .438 (73) 
7 Mechanical and Electrical Engineer, June. p. 337. 
O (O. C.). — Rotating electric equipment for a 
bine Jocomotive. (3 000 words & fig.) 


1950 621 .431 .72 (73) 
Railway Mechanical and Electrical Engineer, July, 
p. 385; August, p. 458. 
ATWELL (C. A.). — Performance of Diese! locomotive 
generators. (4500 words & fig.) 


University of Illinois Bulletin. (Urbana.) 


1949 621 .392 & 665 .882 
University of Illinois Bulletin, No. 68, May. 

WILSON (W. M.)., MUNSE (W. H.) & BRUCKNER 
(W. H.). — Fatigue strength of fillet-weld : plug-weld : 
and slot-weld joints connecting stee! structural members. 
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PERMANENT WAY EQUIPME 


AUTOMATIC 
TAMPING MACHI 


16 tamping tools actuated | 


ultaneously complete the bat 


packing of each sleeper in 


| operation. 
The machine can be side trai 


in one minute. 


AUTOMATIC BALLAST 
CLEANER 


The machine canbe side tracked 
in a few minutes. 


SLEEPER SCREW DRIVING MACHINES - RAIL 
SAWS AND DRILLS - SLEEPER DRILLS 
CALCULATOR FOR THE ADJUSTMENT OF CURVES - RIPAMETRE, 
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- LONDON, 78, Buckingham Gate, Westminster, S. W. 1 


Licensees from MATERIEL INDUSTRIEL S A. LAUSANNE. Switzerland 
Agents and representatives in 


PARIS, CHICAGO, BUENOS AIRES, RIO DE JANEIRO, ADELAIDE, CAPETOWN, ele: 
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DE LA RUE- LONDON 


‘FORMICA’ provides a durable, hygienic 
and artistic finish for the interior decoration 
of Railway carriages. It’s hard surface is 
easily cleaned with soap and water. Main- 
tenance costs are exceptionally low during 
years of service. 

“LINETTE’ pattern ‘FORMICA’ is used 
for panelling from skirting to cant rail level 
and also for seat ends in First Class Section. 
Wood grain ‘FORMICA’ is used for panelling 


“s: Cravens Railway Carriage and Wagon Co, Lid. 


AS DE LA RUE & CO. LTD. (Plastics Division), Imperial House, 84/86 Regent Street, London, W.1 


‘ Formica’ is a registered trade mark and De La Rue are the sole registered users. 
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ailway. First and Second Class Electric Motor Car. 


-booked for a long ride on 


Estoril Railway 


from irting to waist rail level, with 
‘LINETTE’ pattern ‘FORMICA’ up to 
cant rail level in the Second Class Vestibule. 


The dark trim around doors and windows is 
‘DELARON’® (a sister product). Xecesses 
for blind rods are machined from the solid 


‘DELARON’. 


Bulkhead partitions are of 1” blockboard 
veneered in ‘ FORMICA ’ on both sides. 
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« ISOTHERMOS SYSTEM » 
ARE IN SERVICE | 


(Electric and Diesel-electric locomotives, tenders, coaches, wagons, etc.) ) 
Savin | 
: 


Safety 
Easiness of fitting and maintenance | 


S.N.C.F. electric locomotive C. C. n° 7001 S.N.C.F. electric locomotive C.C. n°. 7001 
equipped with « ATHERMOS » type axleboxes Details of the suspension 
(ISOTHERMOS latest model) 


Sociétés Générales Isothermos 
35, rue de la Tour d’Auvergne, PARIS (9¢) 


9, rue du Moniteur, BRUSSELS 


Société Internationale des Applications Isothermo 
60, avenue de la Grande Armée, PARIS (17°) 
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Sleeping-car 
of the Compagnie Internationale 
des Wagons-Lits. 


52 m’ tankwagon 
for transport of propane. 


Double motor-coach. 
Supplied to the 
Belgian Natiorial Railways 
(160 km/h). 


igons — Coaches — Locomotives — Bridges ond structures — Heavy and medium pressings. 


ments for pressure pipes - High pressure welded vessels — Springs — Forgings 
th pressure flanges — Galvanized sheets. 
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Telephone : Nivelles 22 -— Telegrams : Metal-Nivelles 


i Ia Editions SCIENCE & TECHNIQUE 
ell 21, rue Newton, BRUXELLES 
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DIESEL - ELECTRIG: LOEGON@iN Ee 


«COCKERILL BALDWIN LICENCE » 


Double acting 


SVENSKA AKTIEBOLAGET BROMSREGULATOR - MALMO - SWEDEN 
Société des Régleurs de Freins SAB — 64, rue de Rome — Paris 
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Specialities : 


Locomotives and railway rolling stock. 


Electrical equipment for all traction requirements. 


Locomotives and railway rolling stock. 
Railway rolling stock and fixed equipment. 
Passenger and freight services. 

Ticket issuing machines. 
Tapered-roller-bearing-axle-boxes. 

Electric locomotives. 

Railway roiling stock and fixed equipment. 


Machinery and metal structures. Diesel-electric locomoti’ 


Fireboxes. 
Paints, lacquers and varnishes for every purpose. 
Railway electrification. 


Railway lighting equipment. 
Tractors. 

Electrical equipment. 

Railway forgings and tools. 
Draw gear, forged ironwork. 
Truck beds for locomotives. 
Locomotive injectors. 

Speed indicators and recorders. 
Boiler feedwater treatment. 
Axleboxes. 

Machine-tools. 

Permanent way equipment. 
Fluorescent lamps for railway coaches. 
Concrete railway sleepers. 
Railway plant. 

Axleboxes. 


Automatic slack adjusters. 
Rails, sleepers. 
Axleboxes. 


Railway equipment. 
Superheaters for locomotives. 


Decoration for the interior of Railway carriages. 


Railway materials. 

Automatic couplers; 
stock. 

Lubricants for locomotives, ships, etc. 

Locomotives. 

Railway signalling. Brakes. 

Fireboxes for locomotives. 
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